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EXECUTIVE SUMMARY

EPR in Brief

Extended product responsbility is pollution prevention gpplied to the product life cycle rather
than to the facility. It isthe principle that the actors involved over the life cycle of a product — from raw
materid extraction to disposd; from intermediate goods manufacturers, to manufacturers, distributors,
users, and disposal facility operators — share responsibility for the life-cycle environmental impacts of
the product.*

Examples of EPR activities include product design for life cycle environmenta performance;
take-back and end-of-life management with particular attention to increased reuse, remanufacturing and
recycling; and product stewardship activities. In Europe, take-back and other regulations are mandating
elements of EPR in practice. In the U.S,, EPR activities have to date been largely voluntary. This report
focuses on the voluntary EPR environment.

Environmenta benefits of wide spread gpplication of EPR potentidly include more efficient use
of resources, cleaner products and technologies, more efficient manufacturing, reduced environmenta
hazard associated with storage, shipping, handling and disposa, improved recycling and recovery, and
greener consumption.?

Focus: Practices of Leading Companies

The purpose of this paper is to examine the practices of leading companies in combining
environmentd and cogt information to affect EPR decison making and the tools used in assigting this
andyss  Section 1 provides an overview of the drivers of EPR and the chalenges facing firms that
pursue EPR activities. A framework for integrating EPR into product development is presented in
Section 2. Section 3 discusses the role and need for EPR decision-support tools, and based upon our
assessment of the shortcomings of exigting tools, Section 4 provides design recommendations for the
next generation of EPR decision-support tools.

Basad on the literature and our case study findings, we find that in an environment like the U.S,
where pursuit of EPR activities is largely voluntary, the principa drivers to EPR must be direct or
indirect economic returns. This business case must be strong; the types of changes EPR demandsin firm

! Adapted from University of Tennessee Center for Clean Products and Clean Technologies, Extended Product
Responsibility: A New Principle for Product-Oriented Pollution Prevention, prepared for the US EPA Office of Solid Waste,
EPA 530-R-97-009, June 1997.

2 Sustainable America: A New Consensus. 1996. President’s Council on Sustainable Development, February, p 39.
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decison-making, product development and operations can be significant, engendering significant interna
bariers. Making this busness case, however, is difficult. There are sgnificant information-related
chadlenges attendant to integrating environmental and business assessments over the life cycle.

This strongly suggests that EPR decison support tools that lower information-related barriers
and provide a framework for assessing the business cases for EPR activities could enhance pursuit of
voluntary EPR activities.

Methodology

To evauate the practices of leading firms, we first conducted research to (1) assess the current
gate-of-the art in EPR application and (2) to identify firms that have been active in putting EPR into
practice in the U.S. (We have maintained a U.S. focus for this report because the regulatory nature of
EPR dsawhere establishes a much different set of issues, chdlenges, and condraints than a company
operating in the U.S. faces))

From this research, we identified a number of U.S. companies that have, in one form or another,
put EPR into practice and conducted interviews with nine of these firms. (See Appendix A for interview
summaries) To understand how these companies are applying EPR, what information and tools they
use in the decison-making process, and to capture other insghts from their knowledge and experience,
we developed a questionnaire. The questionnaire served as the framework for telephone interviews we
conducted with these firms.

The generd research and the interviews shed indight into the chalenges posed when firms
endeavor to gpply EPR to their decison making and how a tool might be positioned to address those
chdlenges.

Principal Conclusions

» For U.S. companies, the primary drivers of EPR efforts are direct and indirect economic
returns, sometimes spurred by regulatory pressures. Such returns include direct returns on
investments from EPR programs, market advantages through environmentd leadership; and
advantages resulting from early actions to adapt to regulation in Europe and potentiad State-
level regulaioninthe U.S.

* EPR consderations are incorporated into product development via product development
guiddines, ranging from recyced materid content requirements to checklist-based
gpproaches. These guideines are generdly developed by a drategic environmenta unit,
usudly housed within but distinct from corporate EH& S.
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* Tools currently avalable are inadequate to the chalenges posed by EPR. A tool that
reduces the information-related chalenges to making an EPR business case would fill a
sgnificant need.

* An EPR decison-support tool should interface with a multitude of staff functions, rather than
be more narrowly targeted as, for example, an “environmenta” tool or an “accounting”
tool.

* Thetool should cover unconventiona and less tangible costs and revenue impacts. It would
not necessarily provide a database function, but would at the very least guide users through
a st of questions which form the basis of a comprehensive framework for assessment. It
should facilitate comparative decision making between design options and different means of
providing the value/service embedded in the product. Current tools largdly fal to provide
these functions.

* The tool must be flexible — in product types addressed, in breadth of coverage over the
lifecycle and the depth of coverage within any one aspect. Achieving this flexibility without
the sacrifice of utility and rigor would condtitute a Sgnificant chalenge in tool development.
This suggests amodular tool structure wherein the user could decide which module(s) to use
based upon the requirements of the andlysis being conducted.

ES-3
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1. EPR: CONCEPT AND PRACTICE

EPR Defined

Extended product responsibility is a concept derived from the notion of extended producer
responsbility, coined in the early 1990sin Sweden.® For the purposes of this paper, extended product
respongbility refers to the principle that the actors dong the product chain share respongbility for the
life-cyce environmenta impacts of the whole product system, including upstream, production, and
downstream impacts*

Examples of EPR activities include:

» product design for life cycle environmenta performance;

» take-back and end-of-life management with particular atention to increased reuse,
remanufacturing and recyding;

* product stewardship activities.

In Europe, take-back and other regulations are mandating eements of EPR in practice. In the
U.S, EPR activities have to date been largely voluntary. This report focuses on the voluntary EPR
environmen.

What didinguishes EPR from traditiond pollution prevention modds is that it extends the
boundaries of andyss beyond the factory gates. It extends upsiream to suppliers and raw materias
extractors, and downstream to transporters, retailers, customers, and waste managers. In other words,
it gppliesto the entire product life cycle, asshown in Figure 1. Thus, EPR transforms P2 from a facility
focus to aproduct focus, thereby capturing impacts upstream and downstream from the factory gates.

3 Extended Producer Responsibility was introduced by Thomas Lindhqvist of the International Institute for Industrial
Environmental Economics for the Swedish Ministry of the Environment in 1990.

4 Adapted from University of Tennessee Center for Clean Products and Clean Technologies, Extended Product
Responsibility: A New Principle for Product-Oriented Pollution Prevention, prepared for the US EPA Office of Solid Waste,
EPA 530-R-97-009, June 1997.
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Figure 1: Product Life-Cycle

Decigons that support EPR activities thus need to consder product information from a much
broader perspective than is used for typical product decison-making. Standard methods of anadyss,
even those that incorporate environmenta considerations and cods, are usudly limited to activities
which take place within the boundaries of the firm (eg., primary production, manufacturing, and
wholedelretal). Missing from the analyss are the cogts and environmenta impacts relating to other
aspects of the product’s life cycle (eg., extraction, use, end-of-life). It is this extenson beyond the
internal boundaries that defines EPR.

Current EPR Activities

Both in practice and within the definition of EPR A report prepared for U.S. EPA®

we are using for this paper, EPR covers a broad suggested the following general
spectrum of activities. A report prepared for U.S. EPA categories for voluntary EPR
identified genera categories of voluntary EPR activity to programs.

date. These are detalled in the table below and examples |« Corporate or Industry-Wide

are provided, induding those from the activities of the Stewardship

case study companies. » Take-Back or Buy-Back

. . * Leasing Systems
As can be seen, a company’s extension of its |«  Life cycle Management

traditiona responsbility can be informationd, technical, |« Partnerships for Recycling and
legd, or physicd in nature; Waste Management

5 Extended Product Responsibility: A New Principle for Product-Oriented Pollution Prevention, EPA 530-R-97-009, June 1997.
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Category General Description Examples

Corporate or Industry-
Wide Stewardship
Programs

Voluntary measures addressing
environmental management
systems and downstream
environmental and safety aspects
of product use (product
stewardship)

e Chemical Manufacturer’s
Association Responsible
Care initiative

e User training programs
(e.g., Monsanto) and site
audits (e.g., DuPont)

Take-Back or Buy-
Back Programs/
Initiatives

Take-back of product, product
components, or packaging for
reuse, recycling or proper
management.®

*  Product take-back by Nortel,
IBM, and Xerox, among
others

Leasing Systems

Ownership of (usually durable)
materials and products is retained
by the manufacturer or supplier

* Interface’s carpet leasing
program

« Emergent leasing systems
for PCs and other electronic
equipment

Life Cycle
Management

Approaches to product design and
development and management
which attempt to minimize life cycle
impacts of products, typically
including working with suppliers
and users, and working to
incorporate reused or recycled
materials

* IBM’s Environmentally
Conscious Products
Program

* Nortel’s Design for
Environment Initiative

e Xerox's Environmental
Leadership Program

Partnerships for
Recycling and Waste
Management

Cooperation among companies in
the product chain to create
common systems for recycling and
waste management.

* Rechargeable Battery
Recycling Corporation (Ni-
Cd rechargeable battery
producers)

*  Vehicle Recycling
Partnership (VRP) (Ford,
GM, and Chrysler)

Table 1: Voluntary EPR Activity in the U.S.

6 Examples of mandatory take-back include the German packaging ordinance.

" Adapted and paraphrased from Extended Product Responsibility: A New Principle for Product-Oriented Pollution Prevention.
For more examples, see case studies.
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Drivers

EPR decison-support tools should leverage the drivers of EPR and address the key challenges
which firms face in pursuing EPR activities. Our case study and background research was directed in
part a investigating these drivers and chalenges.

What motivates a firm to accept the concept of EPR and ~ EPRDrivers
voluntarily apply it in practice? In an environment in which EPR | * Environmental Leadership
activity is voluntary, our research indicated, unsurprisingly, that for Market Advantage

* Regulation and Potential
Regulation

* Economic Return/Better
Decision-Making

e Corporate Commitment to
Environment

direct or indirect economic returns are the primary drivers of EPR
efforts. Our interviews reveded the following as prominent:

Environmental leadership as market advantage. For
some product areas and among certain customers, demand for
environmentally preferable products is a redity. This “green

demand” might arise as a reult of regulatory obligations facing
customer's, or as aresult of their own environmental commitments.

In more general terms, a number of manufacturers are conscious of the perceptions held by
many of their stakeholders (customers, communities, suppliers, and investors) that manufacturers avoid
bearing the environmental burdens of their own products. These burdens are instead seen to fall upon
the stakeholders. These firms bdlieve that significant and vauable good will, cutting across al aspects of
the business management, can be gained by proactive actions to mitigate these impacts.

Regulation and potential regulation. Corporae leaders, particularly product manufacturers,
are closdly following the development of EPR-related regulation in Europe and proposed state-leve
regulation in the U.S. Many see an extenson of responsbility as an inevitable trend in coming years.
Given this bdlief, falure to prepare now will necesstate costly and hagty reactions when any new
requirements come into effect. While regulaion may not be inevitable in the US, many firms, especidly
multinationals, are confronting these regulations in Europe and therefore need to have programs in place.
In some cases, this experience demongtrates the va ue of gpplying EPR concepts and dso sheds light on
how it could be pursued in the absence of any regulatory framework.

Measurable economic return/better decision-making. A few firms that have developed the
capacity to perform the type of analysis an EPR decision-support tool would facilitate have found
gpecific cases where an EPR-type approach to the life-cycle management of a product is cost effective.
In these cases, decison-makers have identified superior economic vaue comparable to other product
drategies. These are the easest and most compelling types of EPR activities to market interndly and
generdly serve to enhance the perception of the value of EPR.
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Likewise, a number of firms have found that the life cycle perspective on product management
demanded by EPR leads to better-informed decison-making. Unforeseen liabilities and environmental
problems attendant to production and deployment can be minimized through EPR. Life cycle
approaches are so seen by some as drivers for continuous qudity and efficiency improvements.

Consistency with environmental principles. Many firmsthat are actively trying to incorporate
an EPR framework into their business practices are motivated in part by a desire to substantiate stated
environmental principles with action. It is rdatively easy to reference sustainable development in a
financid or environmenta annud report; it is more of a chalenge to actudize it. Firms that are making
the effort believe that they have some leve of obligation to extend the responsibility they bear for ther
products. These firms often expect or demand a sufficient rate of return from this obligation to render it
economicaly judifiable as well.

Consonant with the responsibility of firms to their shareholders, what these drivers have in
common is that firms perceive EPR activities to carry some economic vaue — explicitly in some cases,
intuitively in others. EPR in this context is seen as congstent with, or even as a necessary aspect of,
maximizing financid performance. Establishing the business case for EPR s thus the surest incentive to
the pursuit of EPR activity. More than this, possessing the capability t0 assess this business case is a
prerequidite for any serious consideration of EPR activity.

EPR Challenges for the Firm

Why are firms hedtant to implement EPR? Our research and the interviews conducted with
companies implementing EPR activities depict a number of real bariers and challenges to its practice.
These can be divided into four interrelated categories:

* Economic viability. Where EPR — particulaly concern for post-manufacturing
environmenta impacts — is avoluntary practice, an acceptable business case must be made
for EPR-based activities and product-related decisions. Challenges to economic viahility are
chalenges to this business case. They concern factors which will (or are perceived to) raise
costs and prices under EPR. These might include, for example, costs of a collection system
for product take-back, negative customer perceptions of remanufactured and recycled
materids, and the inability to pass additiond costs incurred aong to customers.

» [Internal organizational and institutional issues. Life cycle environmenta impects have
not higoricaly been pat of the firm's decison-making related to product desgn,
procurement, manufacturing, packaging and support. EPR considerably expands the scope
of factors that enter decison-making and is a Sgnificant departure from compliance-focused
gpproaches to environmental issues. It requires integration across firm divisons, it may
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require a shift from a focus on product provison to a service orientation. EPR effort in one
divison of the firm may reward actors in another. For example, when designing products
with extended life, the cost of origina partsistypicdly increased. The product design group
may bear this additiond cost while manufacturing receives the monetary credit for the
reclaimed product.

EPR and other product stewardship initiatives are often viewed as dowing the product
design cycle. In industry sectors where time horizons in trandating product concepts to
market are short, firms may be hesitant to initiate any activities that impair time to market.

All of this can engender significant internd resistance and points to the depth of cultura
change that EPR can demand. In the extreme, some manufacturers may view EPR as
nothing more than an atempt to fix responghility for life cycle impacts on a relatively easy
target (themsealves). For these companies, there is a firm belief that any sort of EPR
gpproach would be unprofitable and thus unnecessary

Technical complexity. Incorporaing life cycle congderations into product-related
decisons (induding desgn, procurement, manufacturing and packaging) presents
consderable technica challenges, quite apart from the organizational ones described above.
These center on the difficulty of conducting LCA-type assessments, and incorporating these
assessments into product-related decison-making.

External organizational and institutional issues. EPR involves shared responshility
adong the life cycle chain. For manufacturers, this means involvement in aspects of the
product life cycle outsde the factory gates and the need for closer coordination than
previoudy with upstream and downstream actors (and possibly with competitors). This
coordinaion involves a number of issues, including leverage with suppliers and preserving
proprietary sources of competitive advantage. The regulatory environment as it affects
reclamation and reuse effortsis aso acritica “externd” issue.

These barriers and challenges are depicted in the diagram below:
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/ INSTITUTIONAL &
ORGANIZATIONAL
ISSUES: EXTERNAL

« Regulatory barriers (e.g.,
recycling and reuse impeded by
regulation of waste materials &
definitions of “new product”)

« Compliance with diverse national
regulatory environments leaves
few resources for beyond-
compliance activities

« Lack of leverage with upstream
and downstream actors

« Required close integration with
upstream/downstream actors
and competitors risks disclosing
proprietary sources of
competitive advantage

BARRIERS TO EPR

ECONOMIC VIABILITY

« Customer not willing to pay extra
for ‘green’ product

 Environmental costs not
internalized; recycled content
materials cost more than virgin

» Market perception that recycled/
reused products are inferior in

quality

» Market value of end-of-life
product/components too low to
support collection/ recycling/
reclamation

« Reclamation/recycling costs high
because infrastructure does not
exist OR because product is
inherently highly dispersive in use

/ INSTITUTIONAL &
ORGANIZATIONAL
ISSUES: INTERNAL

» EPR requires a cultural or
generational change

« Division of responsibility and
allocation of cost and benefits
does not promote integration of
life cycle concerns into product
development

« Inadequate grasp of own
environmental costs

¢ Optimizing environmental
attributes of product not a priority
-- e.g., hardware not a priority;

* Product liabilities more significant

than environmental liabilities

¢ Focus on time to market

/ TECHNICAL

COMPLEXITY

« Difficulty of assembling life
cycle data and integrating with
standard data/procedures
employed in product
development.

approaches

« Diversity of products and use
environments requires multiple

Figure 2: Barriers and Challenges to EPR

Close ingpection of these barriers and chalenges to EPR underscores the necessity of making
the business case and the critica nature of information-based challenges to doing so.

» Asadready noted, avoluntary environment requires that the economic business case must be
made for pursuing EPR activities. Significant internd barriers mandate that this case be
paticularly strong; many of these barriers manifest as presumptions againg the economic
viability of EPR activities. This is especidly true in the absence of “success gories’ — an

established record of positive performance for EPR projects.
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* The informaion  requirements  (technicd | The EPR Information Challenge
complexity) of making this case are daunting, both
conceptudly, and apparently in terms of cost and
time Mayy firms have difficulty redizing, |+ poorly understood
aggregeting, and  incorporaing the  non-
environmental costs (eg., company image,
insurance) from their internd  manufacturing
operations.  Teking the next step to try to |« reluctantly shared

Information is:

» considerably complex

* seemingly unavailable

recognize, assess, and include the environmenta
and non-environmental codts of activities beyond the factory gates is even more complex.
As a reault, costs and benefits associated with upstream and downstream impacts are
poorly understood and thus rardly included in any product analyss.

Complexity is further increased because many of the benefits of EPR are expected to be
less tangible than the costs — eg., the vaue of environmenta leadership, anticipation and
positioning for future regulation, etc. Their omisson, however, obscures congderation of the
potentiadl  economic and environmenta  benefits to designing for environment and
disassembly, recycling, and remanufacturing.

Information-related chalenges thus include complexity and variety of product—user—
environment interactions; difficulties in vauing and aggregating environmenta impacts and “intangible”’
benefits, difficulties (i.e, cost and time) of obtaining information; and red and/or percaived risks of
information sharing.

Role for EPR Decision Support Tools

From this discussion of EPR drivers and barriers, we have seen that the largest drivers of EPR
are percaived economic benfits. At the same time, central barriers to its pursuit are the information-
related chalenges to making the business case for such benefits. Thus, a decison-support tool that
lowers information-related barriers to assessng an EPR business case is likely to sgnificantly enhance
the cgpability and willingness of firmsto pursue EPR activities,

Decison-support tools are logica tools to employ towards this end; they essentidly facilitate the
information management needed to compare dternative courses of action. They may do this in the
amplest case by providing frameworks to guide assessment, and in more sophisticated implementations
by integrating databases, anaytics, and vauation schemes
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This does not  imply that with adequate cost information a business case can aways be made
for EPR.® Nor does it imply that cost information is a panacea for al the barriers and challenges to EPR
activities — barriers deriving from the regulatory environment are red, for example, as are the
chalenges of coordinating with up and downstream actors. However, our interviews with EPR active
firms point to a potentialy significant contribution that can be made by decison support tools for EPR.

8 EPR essentially requires that those in the product chain extend their responsibility for a product and assume —
internalize — previously externalized costs. While this paper does point to some examples where economic
justification for thisinternalization can be made, there is no reason to believe that thisissoin all or even in most
situations. There are many costs that relate to environmental impacts of products that are borne by many different
stakeholders, including the public at large.
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2. EPR DECISION MAKING IN THE FIRM

As discussed in the previous section, EPR programs represent a wide range of activities. EPR
decision making correspondingly spans awide array of decisions— from whether to undertake product
take-back to how to design a product, taking into account upstream and downstream environmental
impacts. Further, EPR decision-making does not occur within a vacuum; i.e., successful implementation
necessitates integrating EPR criteriawithin the traditional product development processes.

EPR decison support tools should be informed by (1) what full integration of EPR
consderations into the product development process would require of firmsin theory and (2) how and
to what extent firms are actually pursuing such integration. Such an undergtanding provides insghts
into the potentia users and uses of decision support tools.

Framework for Integrating EPR into Product Development

The stages of product-development and deployment are depicted in an idedlized way in Figure
3. Regardless of the specific procedures used by particular firms, full integration of EPR into product
development and deployment depends in generd on the incorporation of three key, interrdated
guestions into this development process:

* Basad on its environmental performance, should we make the product in its current
formulation?

»  How can we make the product in an environmentally responsible way?

* How can we or others manage the product a the end of its useful life in the most
environmentaly responsible way?

The relationship of these questions to each stage of the product development process is described
below and summarized in Figure 3.

Conceptualization

In this firgt stage, the idea for the product is generated (either within the firm, or from customer
demand), and is screened and evauated for technica feasibility and acceptance by the customer. A key
gep within this sage is the business analysis assessing market demand, competition, and profitability of
the product. Because this analys's screens out projected unprofitable products, cost data necessary for
making the business case for EPR are essentid to this andlysis. Integration of EPR requires that the first
and mogt fundamental question be asked during this conceptudization stage: Based on environmental
performance considerations, should we make the product in its current formulation? EXcept,

10
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perhaps, in cases where the product would incur sgnificant ligbilities, firms are unlikely to rgect a
product based soldly on its environmenta performance and are more likely to dter the product’s design
to minimize environmenta burdens.

A related question is whether the value or function of the product might be ddivered in an
dternate, environmentaly preferable way. This requires a high-level look a the environmenta impacts
associated with the life cycle of the product: energy and materid inputs to manufacturing, manufacturing,
use and end-of-life. Evaluating this question thus requires rough consderation of the other two: zow can
we make this product, and how can we or others manage it at end-of-life?

Alternative means of vaue/function provison include the subditution of a service for the
product. A trend towards “servicizing” — that is, replacing a product with a service vialeasing, rentds,
or flat-fee contract provison — is noticegble in many indudtries. Examples include Safety-Kleen's
leesing arrangement for cleaning solvents and Interface’s carpet lessng system.  In the automotive
industry, companies may contract to provide painted auto parts, rather than paint. Such performance-
basad incentives reward chemica suppliersfor reducing chemical use.

Design, Development, and Manufacturing

During the next three phases of the product life cycle, a prototype of the product is designed,
developed and tested. Market testing, wherein the product is tested by the prospective
customer/consumer, will inform find design and development before full-scde manufacturing and
marketing is launched. Integration of EPR into this sage of the product life cycle requires careful
congderation of the second question: How can we make the product in an environmentally
responsible way?

Design for Environment (DfE) and life-cycle assessment (LCA) are common tools for assessing
environmental congderations associated with material and energy inputs to the manufacturing process,
as well as downstream manufacturing impacts resulting from design decisions. EPR, however, requires
that product design and manufacture consider end-of-life management options as well. There may be
clear environmentd benefits from extending product life, remanufacturing, or materia recycling that have
sgnificant implications for manufacturing — eg., desgning for recyclability, ease of disassambly,
product upgradability, or increased durability. In some cases, there will be trade-offs between
environmenta impacts in manufacture and environmenta impacts over use and end-of-life. Assessment
of “how can we make this product in an environmentally responsble way” thus must be informed by the
third and last question: “how can we or others best manage this product at the end of its useful life?”

11
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Support

Planning and implementation of product support is the stage of the product cycle to which the
third and find question must be gpplied: How can we or others manage the product at the end of its
useful life in the most environmentally responsible way?

EPR efforts to date have focused sgnificantly on end-of-life management — e.g., product take-
back and recycling patnerships. Assessment of this question must address the efficacy and
environmenta benefits of “dosng the loop” in ways ranging from materid recyding, to remanufacturing
and reuse. As noted, dternative end-of-life management options may have significant implications for
manufacturing.

PRODUCT DESIGN CYCLE

CONCEPTUALIZATION

i

DESIGN

i

DEVELOPMENT

i

MANUFACTURING

i

SUPPORT

]

Should we make the product? How can we make the product? How can we or others manage
- strategic planning - environmental the product at end-of-life?

- marketing - product design - environmental

- environmental - engineering - engineering

- product design - manufacturing % - manufacturing

- engineering - accounting - waste management

- accounting - marketing - logistics

- accounting
- marketing

Decision point
- key organization functions

Figure 3. Integration of EPR into the Product Design Cycle

How are Firms Integrating EPR into Product Development?

The previous section presented a framework and generd set of requirements for integration of
EPR into the product development process. But how and to what extent are firms actualy pursuing this
integration?
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Our interviews with EPR-active firms revedled common dements in the implementation of EPR
within the product development process. (Note that the firms themselves generdly used terms other
than EPR — induding, for example, life cycde management, product stewardship, environmentaly

conscious products.)

EPR consderations are incorporated into product development via what can
generdly be cdled EPR-rdated product development guiddines. These take a
number of forms, ranging from recycled materids content requirements to checklist-
based approaches.

These guidelines were dmost dways developed by a strategic environmenta unit,
usualy housed within but digtinct from corporate EH& S. This unit played an internd
advocacy role in a number of our case sudy firms, attempting to “sdll” EPR within
the larger organization, including to upper management.

The degree to which EPR is integrated in product development depends on the
means by and rigor with which these guidelines are applied to the development
process. Degree of integration and means of guiddine gpplication varied sgnificantly
among the case sudy firms. Application ranged from hard requirements and
agpprova processes — eg.,, for recycled materids content — to suggested
checklists of environmenta design consderations.

Most firms have a “gated” development process in which products must pass a
review before moving from, for example, design to development. In a number of
cases these reviews provided the forum to assess the conformance of the product
and the development process to EPR guiddlines.

Internal resources to support EPR aspects of product development are dso
provided. These range from an internd consultancy network, to a dedicated group
or divison providing support and anayss, to the provison of tools that may be
employed by the design team.

Provison of LCA information and cogting is typicaly problematic to these EPR-
active firms due to technicd complexity and difficulty in obtaining complete deta

Sharing dements of both resource support and guideline gpplication are severd
actions which attempt to provide long-run or fundamenta integration of EPR
concerns into the product development process. These include required training of
desgn daff in environmentd desgn issues, and placement of environmenta
specidids on integrated design teams. These actions were not common to dl the
firmsincluded in our interviews.
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* Though processes differ sgnificantly between firms, product development is a
prioritized, strategic concern for innovation or technology-driven firms. There is no
cae in which there is not sgnificant high-level involvement in this process. The
degree of high-level involvement in development and application of EPR guiddines
differs sgnificantly, however. Firms in which EPR was more tightly and thoroughly
integrated into the product development process were those firms in which there
was clear upper management commitment to life cycle approaches to product
development.

Agang the idedized picture described in Figure 3, the EPR-active firms in our example
generdly do not make a drategic decison on product provison. Exceptions involve ingances where
potential product ligbilities are extraordinary. Most EPR decison-making to-date has been based on
product design questions, and on life cycle management. Thus, currently EPR decision-making focuses
on two of the three decisions paints, i.e., how can we make the product and how can we or others
manage the product at end of life. Should we make the product in its current formulation (e.g..,
can we replace this product with a demateridized service?) is rardly addressed, dthough severd of our
interviewed firms suggested that such a question should enter the EPR decision making caculus.
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3. ROLE AND NEED FOR EPR DECISION-SUPPORT TOOLS

Prior sections of this report describe the process for integrating EPR congiderations into product
design and development, and, in broad terms, the information-related challenges to assessng a business
cae for EPR activity. Integrating this information, we now turn to a more detailed description of the
information-related chalenges firms face in implementing EPR and ways that decision support tools may
address these chdlenges. Thisinformation is summarized in Table 2.

Information-Related Challenges to EPR

Source of complexity: Diversity of sources, uses, and dispositions. Upstream and
downstream from a manufacturing facility, products creste environmenta impacts across many media,
they arein contact with and interact with many different parties, and their digpostion at any point in time
is uncertain. Further, the costs associated with their impacts can be widely variable (eg., disparate
landfilling cogsin different regions of the U.S).

Although the practice of EPR does not necessarily demand formd life-cycle assessment, it does
pose smilar, difficult questions regarding vauation and aggregation. How can impacts in different media
be compared? What are the environmenta costs associated with different impacts?

Further, impacts and their costs will vary depending on how a materid or product is shipped,
how long it is used, and how it is digposed of or collected. Assumptions regarding these matters are
thus critica, and the basis upon which they should be made is frequently not obvious.

As described in Figure 3, making the business case for EPR requires input from various staff
functions — marketing, environmenta, product design, manufacturing, engineering, and accounting —
amongst others.  Collecting the necessary data within and across these often digparate functions can be
chdlenging.

Decison support tools can reduce gpparent complexity by providing a framework for
assessment. While the integrated business and environmenta andysis which EPR demands is complex,
even the smplest tool could reduce complexity and enhance understanding by providing a systematic
framework for andysis and guiding a user through a sequence of steps. Such a framework would:

* increase awvareness and comprehension of life cycle impacts by prompting decision-makers
to think through the life cycle impacts of a product in a sysematic way

»  amplify information processing within and between divisons of the firm by providing
ameansto organize informeation
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e potentidly dlow users to narrow the scope of assessment by identifying the largest
sources of impacts and points of leverage.

Likewise, methodologies to apply costs to a diverse range of impacts in a congstent manner
could facilitate the development of a more complete cost picture for making the business case for EPR.

Difficulty obtaining information. Agan like LCA, EPR assessments are troubled by the
difficulty of gathering useful information. Data may be housed in many different places (both internd to
the firm and externd) and many different formats (books, databases, conversations, etc.) and be
measured in many different units of measurement and time, if they are available a al. Missng data often
requires some form of estimation (e.g., engineering, actuaria, probabilistic, etc.). Further, raw data often
demand significant manipulation, synthesis, and consolidation before they become useful information.

Directly associated with this chalenge is the time and cost of information gathering. The actua
or perceived cost and time to gather and process data can be prohibitively high in today’s lean, quick
time-to-market corporate environment.  Incorporating an EPR approach may seem conceptually
attractive, but a source of unacceptable delay in product deployment.

Information availability could be addressed in afew ways.

» Credtion of/tool linkage to a data warehouse containing basic, generic cost data on
materids, impacts across different media, and various disposition options. Such a database
would of necessity be both living and non-comprenensive.  Some available LCA tools
provide these type of data.

* A second path would be to direct users toward likely data sources, acting as a resource
guide. This more open dructure would dlow for integration with company’s internd and
externa data sources, and would rely on these means to enhance data availahility.

* Provide dgorithms for estimating upstream and downstream costsimpeacts for which there
are no data available.

Risks of information-sharing, real and perceived. Assessng product life cycle impacts
requires access to information from other upstream and downstream actors in the supply chain. In
addition, firms need to share their own information with these same sources.  Information-sharing is
problematic for two reasons. (1) by providing data regarding environmenta impects, firms are
concerned that they are creating a potentid liability; and (2) providing these type of data could become
a competitive disadvantage as it provides insghts into costs and production processes. In both cases,
progressive companies that lead the fidd in the sharing of information may be sendtive to disclosure
risks that laggards will not only avoid but perhaps benefit from.
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The risks involved with disclosng information will not be easly mitigated since they em from
deep-seated perceptions about privacy, competitiveness, and sdf-sufficiency and are embedded in
many corporate cultures. Indirectly, a decision-support tool could alay these concerns by providing a
framework in which firms will see vaue in both providing and recelving information because it will
provide the capacity for them to make better-informed decisons. A decision-support tool might aso be
able to preserve anonymity of source, if its information is compiled from a number of different firmsin a
sector. Such an approach is being used by nine large chemica process-based manufacturers (including
SmithKline Beecham, and Monsanto, two of our case study firms) to develop a total cost accounting
tool for chemica process-based manufacturers. Tool development includes pooling cost data from
participating firms to provide a more complete and benchmarked data set than one firm could generate
interndly.

Assessing real, but less tangible benefits. Among the drivers that motivate firmsto adopt EPR
principles are enhancements to corporate image and commitment to environmenta principles. The
economic vaue of these bendfits to the firm is often acknowledged in theory, but rardy if ever
quantified. Even more concrete drivers such as competitive advantage are difficult to predict and
measure for incluson in aproduct andyss.

While less tangible costs will remain somewhat eusive, a decison-support tool might facilitate
their consderation by ether providing lists of possible less tangible costs and questions to prompt for
their consideration. A more sophisticated gpproach might provide estimation agorithms and/or empirical
data from which estimates of less tangible costs and benefits could be derived.
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Challenge Ways in which a tool might address this
challenge
Diversity of sources, uses, and dispositions. Reducing apparent complexity by providing a

framework for assessment.

Difficulty, cost, and time of obtaining Addressing information availability by:

information. » Creating a linkage to a data warehouse

« Directing users toward likely data
sources, acting as a resource guidance.

»  Estimation algorithms for upstream and
downstream costs/impacts for which
there is no data available

Risks of information-sharing, real and Possible mitigation of some information-
perceived. sharing issues by providing a framework in
which firms will see value in both providing and
receiving information. By compiling information
from a number of different firms in a sector,
anonymity of source could be preserved.

Assessing “intangible” benefits. Facilitating consideration and valuation of
intangibles by providing lists of possible less
tangible costs and questions to prompt for their
consideration or providing estimation
algorithms and/or empirical data from which
estimates of less tangible costs and benefits
could be derived.

Table 2: Addressing Information Challenges

Assessment of Existing Tools

Identifying a role for an EPR decision-support tool says little about the degree to which such a
roleisfilled by existing tools. Certainly, alarge number of tools exist which are explicitly intended to ad
the incorporation of environmenta costs and consderations into private sector decison-making
regarding product offerings, or may be employed to such ends.
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Assessing these exigting tools againgt the requirements of decision support for EPR requires an
understanding both of the different categories of costs tools may incorporate and of the nature of the
tasks to which the tools are suited.

Categories of costs are summarized in Table 3, below.

Conventional costs

Items such as capital and equipment, materials, energy/utilities and labor which
are usually addressed in cost accounting and capital budgeting.

Potentially hidden
costs

Costs that are not readily identifiable because they are often hidden among other
items (such as overhead accounts). Maintenance and the costs of downtime often
fall into this category. Environmentally related costs in this category include
regulatory compliance costs (monitoring, permitting, site preparation, closure) as
well as costs voluntarily assumed (R7D, recycling).

This category may also include costs associated with company image, community
relations,. These are sometimes also referred to as less-tangible costs.

Contingent costs

Potential expenses (including penalties, fines, future liabilities, cost overruns, and
market risk) that may be incurred at some future time. Contingent environmental
costs include the costs of remedying and compensating for future accidental
releases of contaminants into the environment (e.g., oil spills), fines and penalties
for future regulatory infractions, and future costs due to unexpected consequences
of permitted or intentional releases.

Note: “Contingency” is almost always considered in project cost estimates;
however, the usage in this context often refers to cost/schedule overruns and
does not include potential liability costs.

External costs

Potential social or external costs that companies do not at the present bear, such
as the costs of residual pollution.

Table 3: Cost categories’

A 1995 survey study funded by U.S. EPAY provides a useful classfication of these largey
software-based toals, highlighting the tasks to which each is suited:*

» Cost-estimation tools are used to predict or forecast, within a defined scope, the
costs required to congtruct and equip afacility to manufacture goods or to furnish a

savice.

% Adapted from EPA 1996, Incorporating Environmental Costs and Considerations into Decision-Making, and EPA 1995, An
Introduction to Environmental Accounting as a Business Management Tool: Key Concepts and Terms, 742-R-95-001.

Orncorporating Environmental Costs and Considerations into Decision-Making: Review of Available Tools and Software.
EPA742-R-95-006, February 1996. Category descriptions are paraphrased and adapted.

1 Examples of tools from the | ast three categories — those that are most related to the environmental aspects of
decision support for EPR — are contained in Appendix B.
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o Scheduling and cost control/analysis tools Scheduling tools assgn edimated
duration and start and finish times to each activity in a project, both to estimate time
required for completion and to formulate a plan for completing the project within a
scheduled time. Cost control tools track and caculate cost and schedule
performance againg target. Scheduling and cost control are often integrated.

* Risk and contingency analysis tools facilitate the assessment of risks and
uncertainties for incorporation into project cost estimates and financia andysis.

»  Environmental management and regulatory compliance tools are designed to
fadilitate environmentad management of facilities for EHS regulaiory compliance
and/or corporae environmenta management. They track chemicd use and waste,
fecilitete or generate required environmental reporting, and produce other metrics
relevant to ng compliance or continuous improvement.

*  Remediation project-related tools fecilitate cost estimation, scheduling and cost
tracking, feasbility study/planning and risk analysis, and regulatory compliance for
remediation projects. As such, they integrate a number of the functions found in
other tool categories, but are highly specidized toward remediation projects.

*  Financial analysis tools provide information, methods, and computationa support
for the comparison of projects or project outcomesin financia terms.

*  Environmental life-cycle costing and impact analysis (LCC/LCA) tools are
desgned to identify, edimate, and/or andyze life-cycle environmenta costs and
impacts for specific projects or products, product lines, or facilities. Life cycle
costing covers conventional business costs and adds to these costs the monetized
vaues of environmenta impects impact analysis inventories life-cycle
environmenta impacts, but may not monetize them.

»  Waste reduction tools are desgned to provide generd or project/facility-specific
guidance on methods to effectively manage wastes and environmental costs. These
tools generdly are confined to the manufacturing facility and reducing its waste
stream; they do not easily account for the effects, for example, of recycling or reuse
of materid/products on the manufacturing waste stream.

Thislist can be expanded to include:

* Design for environment (DfE) tools fecilitate the evauation of aternative product
designs for environmenta performance. The digtinction between LCC/LCA and DfE
is (1) the latter emphasizes comparative assessment; (2) costs considered with DfE
tools are typicdly only conventiond manufacturing cogts, and (3) environmentd
impacts are unlikely to be monetized with DfE tools.
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As discussed, making the business case for EPR requires that the firm have an advanced
understanding of the potentidly hidden and contingent environmenta codts of therr current
operations. This understanding provides data for and informs the analyss required to make the
EPR business case. Integrated or activity-based accounting systems, while not product
development tools per se, are crucid determinants of firms capability to undertake this analyss.

This classfication scheme reveds a st of tasks which business generdly considers as
functiondly discrete. Decison support for EPR — that is, facilitating the andlysis necessary to assessthe
EPR business case — would integrate a number of these tasks:

* From DfE, the ability to compare dternative product offerings, but with a focus on the
environmentd and codffinancid  peformance of dternaive life cyde management
approaches.

* From LCA, the ahility to assess environmenta performance over the product lifetime. From
LCC and Totd Cost Assessment, an effort to identify real and contingent codts to the firm
often overlooked by standard business methods. (Unlike LCC, monetization of externd
costsislikely not necessary, as these contribute nothing to the business case),

* From the suite of traditional business cost and financid andysis todls, the ability to clearly
articulate bottom line impacts of a prospective product offering.

In short, EPR decison support tools should facilitate comparison of the financia/business and
environmental performance of dternative product offerings. Alternative product offerings here mean
both smilar products differentiated by their means of production, and by adternative means of managing
the product throughout its lifecycle. In assessng prospective business performance, the tool would
capture hidden and contingent, as well as conventiona costs.

Comparison of these requirements to the coverage provided by exising tools gives, at first
glance, an optimigtic picture. The figure below is abgtracted from the 1995 survey study; it provides a
rough indication of the extent to which tools in each category tend to cover (1) the different phases of
the life cycle and (2) different categories of costs. (Though the study is severd years old, these remain
sound characterizations of the coverage provided by the different tools.) As can be seen, for example,
codt estimation and financia andysis tools have good coverage over dl but upstream dements of the life
cycle; LCA tools provide broad coverage — by design — across many stages of the life cycle and cost

types.
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This smple picture, however, obscures a number of shortcomings in the current toolset relative
to EPR requirements. These shortcomings center around the integration of eements necessary to make

the EPR business case:

*  While many of these tools encompass most life cycle stages, their coverage of codts,
especidly nonconventiond codts, is less than complete. Thus, costsbenefits
pertinent to an EPR andysis (eg., revenues of “green” products, environmenta

No

Full
coverage

coveraae

Figure 4: Life Cycle and Cost Coverage of Environmental Tools"

costs) are gpt to be excluded by these tools.

e “Endof life’ andyssfor mogt of these tools encompasses waste management options (i.e.,
recycling, landfilling, and incineration). Thus, these tools are incgpable of extending their

andyses to include EPR options like take-back and remanufacturing.

2The survey from which the figure is derived employs cost classifications based upon EPA’s cost definitions.
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»  Contingent cost and risk andysisrardly involves environmenta contingencies and risk.

* Although anumber of design for environment tools do exi<, these typically address the
environmenta implications of dternative product designs only. Very few tools incorporate
frameworks or structures that facilitate andysis of a number of EPR actions such as
servicizing products or end-of-life management.

These shortcomings help to explain the clear consensus aisng from our case sudy interviews
— that current tools are inadequate to the challenge posed by EPR, and that superior tools could
significantly enable EPR by making it easier to demonstrate a business case.

While it is beyond the scope of the current work to comprehensvely assess trends in
environmental tool evolution and offerings, vendor offerings and in-house products are of course
evolving. While no tool precisely satisfies the characterigtics for an EPR decision-support tool discussed
here, evidence of greater integration and facilitation of comparative decison-making includes:

* A collaborative total cost accounting development effort by a set of large chemicd
user/manufacturer firms under the aegis of AIChE (American Inditute of Chemical
Engineers) is underway. The tool is intended to inform product decision-making by offering
a totd assessment of environmenta, hedth and safety codts including “future and
contingent, internd and externa liability costs associated with products and processes.”
Reative to EPR reguirements, this will be a totd cost accounting tool which facilitates
dternative product comparisons, but not one specificaly focused on comparison of life
cycle management options (eg., comparing recydling to landfilling or reuse versus recycling
comparisons). The tool does incorporate some externdities, both environmenta and
socid. @

* KM Limited offers a software package which it advertises as combining “Activity-Based
Codgting” and “Life Cycle Assessment,” which facilitates comparisons of aternative product
offerings. Again, the tool is not specificdly geared to andyss of dternative life cyde
management options.

13 Project description: “ Total Cost Accounting,” American Institute of Chemical Engineers — Center for Waste
Reduction Technologies” (website: http://www.aiche.org/docs/cwrt/projects).
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4. TOOL DESIGN RECOMMENDATIONS

EPR decison-making within the firm is comprised of a three pronged andyss as shown in
Figure5.

Codts
EPR
Feashilitv
Strategic Environmental
Direction Burdens

Figure 5. EPR Feasibility Assessment

Fird, the firm must decide whether EPR activities comport with the firm's Strategic direction.
Thus, the firm must consder whether these activities will enable it to build customer support and loyalty,
maintan or expand maket presence, and mantan or expand its competitive podtion in the
marketplace. Tools such as market anadysis enable firms to conduct this assessment.

Second, the environmenta burdens of EPR activities must be assessed and compared to
current environmenta burdens.  Life cycle assessment and DfE tools described earlier enable this
andyss.

Ladtly, in the voluntary EPR environment, unless EPR activities are demongrably cost-effective,
such efforts will flounder. It is this component, codts, that tools for assessing environmental burdens
(such as LCA) stop short of including. Our discussons with nine firms implementing EPR activities,
combined with a review of existing decison support tools, indicate the need for a tool that fecilitates
collection and andysis of cost information necessary for EPR decision making.

Our review of available tools reveds that while cost estimating tools are avalable, the andyss
capabilities of these tools stops short of the level necessary for EPR. As noted during our interview with
Xerox Corporation, a narrow cost analysisthat (1) excludes less tangibles and (2) fails to consider costs
and savings over the full life cycle of the product and (3) fails to aggregate costs and savings across dl
business functions involved in EPR may result in screening out financidly sound initiatives. These three
features describe the core capabilities and purposes for future generations of tools that may be
developed to assst EPR decision-making.
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General Parameters

All interviewed firms agreed that EPR decison making requires input acrass many divisons and
gaff functions within the firm. EPR tools could potentidly be employed by desgn teams during
feashility or product concept studies which may involve a number of gaff and divisons, by groups
engaged in internd support for EPR activities, and by a strategic environmenta unit attempting to “sdll”
EPR to the larger organization. Thus, the tool should not necessarily be viewed as an “environmentd”
tool or “accounting” tool, but rather interface with amultitude of staff functions.

Second, firms agreed that it would be useful to have atool that covered dl product life cycle
dtages, as well as conventiond and less tangible costs such as revenue impacts of EPR legidation and
market preferences for “green” products in Europe, changes in market share, customer loydty, €tc.
Such cgpabilities are lacking in many of the tools these firms are currently using.

There was no widespread agreement as to whether an EPR tool should integrate both
environmenta and cost data, or only cost data. Some firms felt that their needs would best be met by
an integrated tool. However, as many firms are dready usng multiple tools for assessng environmenta
impacts and cost impacts, a nonintegrated tool would be suitable for their current decison making
approach.

Structure

An EPR tool should be adaptive to the different decison making climates between firms, as well
as adaptive to differences between divisions in the same firm. For example, as noted by 3M, product
diversty leads to very differing decison frameworks across the company. Thus, the tool’s Structure
should not be precriptive (e.g., requiring datafor al life cycle stages). This suggests a modular structure
for a tool, wherein the user could decide which module(s) to use based upon the requirements of the
anaysis being conducted. As noted by Ford, a discretely segmented tool could be used by both
suppliers and vehicle manufecturers.

The tool should facilitate comparative decison making (e.g., comparing costs associated with
two different design options). Thus, structurally, the tool should enable the user to assess and aggregate
costs across the product’s life cycle, but dso dlow for comparison of these cogts between dternative
means of delivering the same vaue or sarvice. (eg., different end-of-life management options, extended
durability, and demateridized functions such as replacing phone answering machines with phone
answering services).

Severd of the firms suggested that the tool should help the user “ask the right questions.”
Structuraly, a checkligt that provides examples of questions to pose throughout the EPR decison-
making process and provide examples of where within, or externd to, the organization such information
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may be housed, would help advance EPR at this level. Thus, an EPR tool could be modular both in
breadth (i.e.,, across the product life cycle) and depth (e.g., a high level checkligt, followed by a more
datarintensve andysis toal.)

Should an EPR tool be paper or computer based? A checklist approach could readily be
embodied in either; acomputer based tool would better suit development of a quantitative tool.

The greatest chalenge to developing a decision support tool is recognizing that user needs
cannat be fulfilled viaa “one sizefitsdl” tool. Thus, the tool should provide flexibility both in its design
and gpplication, while avoiding an overly smplitic design that does not further the EPR decision making
process.
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APPENDIX A: CASE STUDIES

EPR Case Study: 3M

Company Overview

Founded in 1906, 3M (Minnesota Mining and Manufacturing Company) is adiversfied Fortune
500 company with more than two dozen core technologies which range from coating substances,
adhesives, dorasives, to fluorochemistry and micro-replication. 3M manufactures or sells more than
50,000 products, serving markets ranging from hedth care to chemicas to computers and eectronics.
3M employs 75,000 worldwide, with manufacturing operations in 41 countries. Net 1997 revenue was
$1.63 billion on worldwide sdes of $15 hillion.

EPR Activities

3M’s corporae environmental policy includes commitments to pollution prevention and
developing products which have a minimum effect on the environment. 3M is generdly credited with
pioneering the idea of bottom-line rewards to pollution prevention, exemplified by the corporation’s
“Pollution Prevention Pays’ program edtablished in 1975. 3M has formdly identified “Developing
environmentally improved products and processes using Life Cycle Management techniques’ as one of
the three main ements of its Environmenta Management System. 3M characterizes this as extenson of
existing gpproaches to product responghbility to more fully consder life cycle issues.

» Traditiona manufacturing processes for adhesive and abrasives employ solvents to deposit
materid (e.g., adhesive) onto backing (e.g., paper tape). 3M notes it has devoted significant
attention to reducing solvent use in this areg; the company anticipated that dl of its abrasives
manufacturing facilities worldwide would use water-based resins by the end of 1997.

»  3M describes extensive dterations to the Thinsulate™ manufacturing process to incorporate
50% recycled polyester fibers. 3M developed the first CFC-free metered dose inhaler for
the treatment of asthma.

* 3M destribes a program at its Greenville ste to collect polyester transparency film for
recycling into new transparency film and other products (clamed as the first U.S. program
to provide end-user transparency recycling).

* 3M describes efforts on providing support to end-users to reduce use-associated
environmental impacts, including development in cooperation with the American Furniture
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Manufacturers Association of guidelines on the use of coatings and other materids, and an
effort to providing European customers with recycling information for waste.

Institutional and market context shaping EPR activities

EPR & product development

Product development within business units (divisons) is guided by a new product introduction
process. The process addresses environmental, health and safety concerns via Product Responsibility
Reviews a each development stage (e.g., concept, pilots and test marketing, market entry). (The
process also targets more traditiona aspects of the product development process — e.g., assuring
manufacturability, provison for qudity control, and viability of marketing plans,) Product Responsibility
Reviews follow 3M’s Product Responsbility Guiddines for the Introduction of New or Modified
Products, which formaly incorporate Life Cycle Management (LCM) principles. The Guiddines are
intended to serve as guides, not prescriptive policy; applicability of their different ements will depend
on the nature of the product being developed.

Product Responsbility Liaisons within each divison have primary responsbility for the product
responsibility review process. Liaisons are aso the point-of-contact for bringing speciaized expertise
within 3M to bear on aspects of product responsibility during the review and development process. This
networking or insde consultancy process could tap, for example, interna legd, environmenta hedth,
and manufacturing expertise.

Forma incluson of LCM is a recent development. 3M’s LCM model addresses environmenta
impact of its products at al stages of its life, which includes the materia acquisition, R & D operations,
manufacturing, customer use, and disposa stages of each product. The types of impacts considered at
each life cycle stage include environment, energy and resources, hedth, and safety. Again, thisis a high-
level modd; particulars of its gpplication are |eft to the division levd.

From the corporate perspective, next steps focus on education within the organization and tool
provision, including software-based tutorials and assessment tools.

EPR drivers

* Environmental leadership as market advantage. Increessng numbers of customers
differentiate between products based on their environmental characteristics.

* Proactive LCM saves time, reduces liability. Sysematic approaches to LCM minimize
EHSrdated oversghts (and therefore liability) in the introduction of new products and
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support rapid product development by considering environmenta issues prior to product
scae-up, field test, or market introduction.

Corporate commitment. 3M sates that LCM is consstent with responsible corporate
citizenship and a corporate tradition of respong ble environmenta actorship.

EPR barriers and challenges

Information assembly costs. LCM demands some level of life cycle assessment (LCA),
which can be very datarintensive. Basic LCA information (quite gpart from va ue-dependent
judgments, such as the rddive environmentd merits of ged vs. duminum) is not available
centrally and must often be reassembled from project to project.

Focus on time to market. Though 3M believes that environmenta vaues are ingrained in
its corporate culture, time pressures to move a product to market are real and can present a
temptation at the divison level to abbreviate eements of the product introduction process,
induding responsibility reviews.

Diversity of product types, uses and use environments. Because of 3M’s diverse
range of products, no one EPR/LCM approach is applicable. For example, take-back may
be clearly indicated for certain solvents, but take-back for Pogt-itl] Notes is impractica
and efforts must focus on achieving product compatibility with paper recycling technologies.
Further, it is difficult to envision al product uses and use environments, particularly outside
the U.S,, during product development.

Diversity of regulatory environments. LCM/EPR is essentidly a beyond-compliance
gpproach to environment, with certain exceptions in European markets. The diversity of
regulatory environments in which 3M manufactures and sdlls and the lack of regulaory
harmonization increases regulatory compliance burden, and reduces resources available for
beyond-compliance activities.

Segregation of responsibility. Historically, responsghbility for product EHS issues has been
a assgned to designated individuas and offices. Integrating responsbility across functions
(e.g., manufacturing, marketing, etc.) is necessary to operationalize an LCM-based product
development gpproach, but represents a cultural change to the organization.

Partnering with upstream & downstream functions. Manufacturer “ownership” of al
environmental issues associated with a product over its entire life cycle is impracticable for
al but afew products. The high degree of manufacturer control over distribution, use, and
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disposa implied by the ownership model cannot be achieved for most products. Therefore,
partnering with suppliers, but dso with digtributors and users is critical. Forming such
partnershipsis a difficult and largely untested area, complicated by the fact that partnerships
up and down the life cycle chain must dlow 3M to maintain its proprietary interests.

EPR Information gathering

As described above, EPR/ILCM a 3M relies upon an internad network providing consultancy
and specialized expertise as needed to product development efforts. The point-of-contact is the product
respongbility liaison; references are offered to 16 staff groups (toxicology, energy, engineering, generd
council, etc). The types of information obtained for EPR decison support might include regulatory,
toxicity, indudrid hygiene, environmental effects, testing, and higoric use information or Smulated
scenarios for adjusting designs. Amongst this information, cost is factored in.

As above, diversity of data sources is problematic, and there is no single repository of product
responsibility data, nor a belief that such alarge database could be usefully built or structured. Likewise,
no single information-gathering protocal is practicd, due both to the diversty of products which 3M
manufactures and the gifling effect which a rigid and inapplicable protocol might have on innovation.
Product respongbility assessment requires that sgnificant expert vaue judgements be made within the
very high-levd LCM modd.

Perspectives on an EPR decision-support tool

Because of its product diversity, only avery high-leve tool (checklist, software-based, or other)
would work across 3M. From the corporate perspective, the goa should be to provide EPR/LCM
tools which facilitate the right questions being asked across the product life-cycle, but are not
prescriptive or limiting. Towards this end, an LCM program is being adopted whose implementation
guide has examples of questions to ask throughout the EPR decison-making process. As part of this
program, 3M is putting together a Lotus Notes[J based program currently in beta-testing. Overal, 3M
does not have prescribed tools except in highly specific and detail-oriented cases, such as toxicity
tegting.

Some condderdtion is being given to putting basc LCA information for basc materias and
manufacturing technologies with wide application in 3M into a corporate database, or referencing
externa databases for use as gppropriate.  This information could include energy content of various
materials or amaterid’s contribution to globa warming, for example.

30



Making the Business Case for EPR:
A Snapshot of Leading Practices and Tools April 1999

References

1997 Annual Report. 3M (Minnesota Mining and Manufacturing Company)

3M Environmental Progress Report, 1996.

3M corporate website, http://mww.mmm.com

Environmental Management System: Life Cycle Management. 3M

Environmental Statements, 3M Environmental Engineering and Pollution Control

Interview, Georjean Adams, Manager, Corporate Product Responsibility, 3M, 12 August 1998.

Product Responsibility Guidelines for the Introduction of New or Modified Products, 3M

31



Making the Business Case for EPR:
A Snapshot of Leading Practices and Tools April 1999

EPR Case Study: DuPont

Company Overview

DuPont (E.I. du Pont de Nemours and Company), amgor multinational chemical company, isa
diversfied producer of chemicds, petroleum products, high-performance materias, pharmaceuticals,
and biotechnology products. Headquartered in Wilmington, DE, the company operates more than 150
manufacturing facilities in 40 countries. DuPont had a net 1997 income of $2.4 hillion on revenues of
$45 billion.

EPR Activities

DuPont has a stated commitment to continuous improvement in environment, hedth and safety,
and to pollution prevention. Although a forma commitment to EPR is not pat of DuPont's
environmental policy, the company highlights its participation in a number of EPR activities covering
sgnificant dements of the product life cycle:

* EPR incorporates the concept of product stewardship. As a member of the CMA
(Chemica Manufacturers Association), DuPont participaies in the Responsible Care
program, a mgor focus of which is product sewardship. For DuPont, this stewardship
activity is primarily focused on information provison — clear communication of product
characterigtics and risks, and safe handling procedures. Stewardship activities have begun to
extend to involvement at the customer location — e.g., audits. Every drategic business unit
has a stewardship coordinator and every product manager is the steward for his or her
product.

Examples of EPR activities involving particular products include:

* nylon recycling in carpets, DuPont is the world's leading nylon recycler and offers a carpet
sarvice integrating ingtdlation, maintenance, and recydling;

* development of polyester (PET) film regeneration technology (Petretec™). The technology
employs a chemica process to reduce PET to its origind feedstocks, dlowing a much
higher leve of contamination in reclaimed film than thet tolerated by mechanical methods.

» Packaging take-back, reuse, recycling is supported by a number of DuPont businesses
(including outsde of Europe where it is mandated), including herbicide container (plastic
jug) recydling; and
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» pladtics recycling in envelopes; the Tyvek business uses 25% post consumer HDPE in its
production of Tyvek envelopes and offers an infrastructure to recycle the used envelopes
into plastic wood decks.

Institutional and market context shaping EPR activities

EPR & the organization of product development

Forma commitment to EPR is not part of the product development process. However, every
DuPont product is subject to a formal product review which is a protocol for evauating the product’s
manufacturability, liability implications, energy and environmenta impacts, and other characterigtics of
potentid concern. The EHS portion of this evauation produces a classfication corresponding to the
inherent hazards of the product; the classfication determines the frequency of subsequent evauations.
Questions centra to EPR are increasingly becoming part of these evauations, such as

» should take-back be considered?

» haslife extenson been consdered?

e canrecycled materias be used?

* isitrecyclable?

* isthe proper customer information provided for safe handling, use and disposal ?
* aeusedteauditsor protective equipment needed?

In cases where there is grounds to believe that a reasonable business case can be made for EPR
activities beyond information provison, L CA-type assessments have been performed (see information-
gathering, below) to evauate the strength of the business case.

EPR drivers

* Regulations and potential regulations. Regulaion can require EPR activities the
prospect of regulation can: (1) induce firms to engage in EPR activity as an anticipatory
measure, or (2) induce indusiry groups to organize for EPR activity to head off regulation.
For example, the European take-back regulations mean that take-back is a condition of
doing business, not a cost which must be judtified. In the U.S,, the expectation of State or
federa regulation and the desire to do business in Europe is pushing U.S.-based operations
to become more familiar with EPR issues.
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Customer values/demand. Some customers will pay a premium for environmentaly
superior products, valuing reduced packaging, increased recycled materiads content, lower
energy usage, etc. If demand for green products in a particular market is sufficiently high,
EPR activities are incentivized. In certain markets, large customers wield sufficient market
power to impose recycled content and other EPR practices on their suppliers. Ford, for
example, requires recycled content in certain polymers, suppliers had little choice but to
comply.

Competitive pressures. Where an EPR activity demonsirates economic success and
enjoys high vishility, competitors can be forced to imitate a lead actor. Both Allied-Signd
and BASF are developing nylon carpet recycling capacity in wake of DuPont’ s success, for
example.

Cost/quality (via environmentd factors). There is some belief that the activities necessary
for improving the environmental characteriics of production processes (process
optimization, waste and energy reduction, reduced rgect rates) can Smultaneoudy drive
continuous quality improvement and cost reduction.

Material constraint. A shortage of a raw materid or a sgnificant environmental issue
surrounding its use (e.g., greenhouse gas emissions) would drive producers to incorporate
environmental consderationsinto their decison making. (Not currently aredlity).

Sustainability. A limited number of progressve companies will make additiond, beyond-
compliance and narrow cod-benefit environmental efforts out of a commitment to
sugtainability/socid respongbility principles.

EPR Barriers and Challenges

The examples of EPR activities and initiatives cited above, while sgnificant by themselves,
represent a minute portion of DuPont’s products. It has been difficult to find Stuations in
which engaging in EPR activities beyond information provison — such as take-back,
recycling, etc — makes a convincing business case. Regulation is thus the strongest potentia
driver to EPR. Economic impedimentsto EPR include:

Environmental costs not internalized Low raw materids, energy and disposal costs
increase the relative price of recycled-content materials and bias the market towards a
preference for virgin materids. This is particularly true in the U.S. (as compared to Europe)
where disposa and energy costs are relatively low.
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Inflexible, large-scale plant and sunk costs. Production facilities (especidly for bulk
chemicals) are capitd intensve, integrated, and highly specidized — characterigtics which
rase the threshold level of economic return necessary to judtify changes in facilities to
accommodate recycling/reclamation. The economics of scale which facilities embody aso
require large throughput and volume in any recycling or teke-back effort to run at
economically vigble utilizetion rates.

Customer perception. While some customers vaue superior environmenta characterigtics
in aproduct, recycled content in particular is perceived negatively by others due to concerns
over quality and aesthetics.

Dispersive uses/transformed product. While some DuPont products are minimaly
dtered for fina consumption uses (e.g., nylon for carpet), most others are (1) chemicaly
transformed (e.g., chemical feedstocks), (2) used inintringcaly dispersive applications (e.g.,
agricultura chemicas), or (3) form a smdl part of a find assembled product (e.g., o-rings
and gaskets). Recycling or take-back is dl but impossible for the first two categories, and
highly impractica in the lagt. These factors limit the variety of and opportunity for “usua”
EPR activities such as recycling and take-back which a chemical manufacturer can pursue.

EPR information gathering

A business assessment of a product or initiative with EPR characteristics (recycled content,
take-back, etc) is one which DuPont feds is reasonably straightforward, as well-developed standard
andyss and assessment tools can be brought to bear. Environmenta inventory assessments are less
graightforward. Dupont’s assumption is that an increase in recycling and reuse results in environmenta
improvement. Thisis quantified when necessary in support of a business case usng life cycle tools or by
referring to past sudies.

DuPont’s analyses of EPR projects would include a comprehensive coverage of production,
retrieval, and recycling costs, such as:

meaterias separation (mechanical or chemical) * reprocessng

trucking * dorage
labor * rgect rate
other infrastructure requirement » avoided cods, such asland-filling
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Perspectives on an EPR Tool

A decison-support tool that helps firms ask the right questions and calculate the environmenta
and economic impact of EPR programs would be useful, but many companies may fed that ther
knowledge and ability to perform this type of andyss is superior to anything that would come from an
externa source. Marketing the tool would thus be asignificant chalenge.

In any case, the tool should provide an example, including typica cost vaues (e.g., for recycling,
landfilling, collection infrestructure, sorting, materid recovery facilities, etc)). Other issues, such as
customer/market preferences, possible mitigation of regulatory burden, and other intangibles should dso
be included, since they are important and difficult to assess agpects of the evauation.
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EPR Case Study: Ford/Visteon

Company Overview

Ford Motor Company manufactures, assembles, sdls, rents, leases and finances cars, trucks
and related parts and accessories. The world's second largest automaker, Ford operates more than
180 plants worldwide, employing 360,000 workers. Net 1997 income was $6.9 hillion on revenues of
$153 hillion. Included in these figures are wholly owned businesses, including the subject of this case
sudy, Visteon. Visteon Automotive Systems is Ford’s components operation, organized as a separate
group in 1997. Visteon operates 74 plants in 19 countries, with 78,000 employees.

EPR Activities (Components operations)

Initsannua reports, Ford has committed to environmenta leadership in the automotive indudtry.
With respect to component operations, forma commitment to EPR is not a part of the corporation’s
environmentd policy per se — however, Ford highlights its engagement in sgnificant EPR activities in
the component area. These focus on vehicle recyclability and incorporation of recycled materids.

* In 1993, Ford Motor Company implemented worldwide Recycling Design Guidelines for its
suppliers and engineers. The company clams this as a fird in the industry. The guiddines
cover “development standards for maximum recoverability of a vehicle and design
processes for engineers and suppliers,” and establish progressive recycled content targets.
The company has engaged in an ongoing interna process to identify drategic initiatives
necessary to meset recycling/recovery gods. Examples of recycled components gpplications
include:

* Recyded nylon resn from carpeting is used in fan modules and air cleaner assemblies
» Recycledtire rubber isused in air deflectors, baffles, and splash shields

* Recycled HDPE resin from soda bottlesis used in luggage racks, grill reinforcement and
door padding.

* Recycled Xenoy resin (a blend of polyester and polycarbonate resins) from recovered
bumpersis employed in new bumpers.

* Ford mantains its Experimentad Dismantling Center in Germany. The center dismantles
vehicles to benchmark design practices and materids use againgt materids recovery
capability. Ford notes that best practice information established by the center will ultimately
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be disseminated to a network of Ford-licensed dismantlers to promote maximum materia
recovery at end of vehiclelife.

Institutional and market context shaping EPR activities

EPR and product development

Standards for component recycled content and vehicle recyclability have been promulgated and
formaly imposed as a top-down requirement on the design process. In part due to this standards-based
approach, there is no centraized cost/benefit assessment process for EPR activities and decisons.
Responsihility for assuring adherence to these standards primarily fals on vehicle line directors — in the
specific case of Vigdeon, line directors deding with plastic components. (Design/performance
requirements are encgpsulated in an “18-pand chart,” of which environmenta requirements/metrics
occupy one pandl.)

The performance of line directors is judged on their ability to meet design and performance
gandards, including recycled content/recyclability. Line directors in turn impose this performance
requirement on engineers, who are required to take company training in vehicle recydability. The
materid gpprova processis quite rigid with regard to recyclability/recycled content.

To achieve this mandate, interactions with materids suppliers take severd forms:

* Imposed requirements. To a limited extent, Ford has sufficient market power as a large
volume purchaser to create demand and stimulate supplier capability to deliver recovered
materids of a particular specification. This is particularly true with sufficient contract lead
time. Eventudly, Ford would prefer to require its full service suppliers to recover their end-
of-life components.

* Developing supplier capacity and infrastructure . Infragtructure for materids recovery is
not sufficient in the U.S. to deliver quantity and quaity of recovered inputs demanded by
progressive implementation of recycled content requirements. Visteon has engaged in pilot
projects with specific materids suppliers to build this capacity. The hope is to leverage
success and vighility of these pilot efforts into a more competitive sector.

* Supporting commercialization of promising technologies. Visteon has supported
commercidization of reevant recovery/recycling technologies, such as paint remova and
resin identification syslems. Returns to such investment take the form of cost savings, being
lit between the supplier and Visteon/Ford. Criteria used to screen processes for
R& D/commercidization support are technica and economic — that is, does the resulting
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product show promise of meeting performance requirements, and does the process show
promise of deivering this product at acceptable cost? New suppliers or those using trid
technology go through a probation period, in which ability to meet quality, cost and schedule
are assessed.

EPR drivers

Competitive advantage. Visteon, while a Ford business, competes in the components
market for business from other automakers. Commitments in the auto industry to increase
recycled content and recyclability (mandated in Europe) confers an advantage on firms with
demongtrated ability to manufacture quaity components with recycled content and to design
for recydatility.

Regulation/ Head off regulation. In Europe, and particularlly Germany, regulation and
compacts mandating recycling and take-back are driving the industry. In the U.S,, proactive
practices on recycling and design for recyclability are seen as a means of heading off the
need for regulation.

Corporate commitment. Ford perceves some market value in the manufacture of
“greener” vehicles and has for that and other reasons — including a stated commitment to
environmental leadership —committed to EPR activitiesin the components area

EPR barriers and challenges:

Diversity of materials, labeling. The large number of plagtics and resins in the average
U.S. vehicle and the fact that most components in the extant vehicle fleet are unlabeled
poses difficulties for materias recovery efforts. “ Commonization of materids’ and pervasve
labding are is a mgor god of Ford's Worldwide Recycling Desgn Guiddines. (The
proportion of labeled components will rise as cars currently being produced reach end-of-
life)

Inadequate infrastructure and supplier capabilities. As noted above, infrastructure for
materias recovery is not sufficient in the U.S. to ddliver quantity and qudity of recovered
inputs demanded by progressive implementation of recycled content requirements.
Likewise, supplier technical capabilities (and to some extent the technologies themselves)
are insUfficient and the producer market for recovered maerids is in generd not
competitive.
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* Higher costs of recycled materials. \When performed on a smdl scde and in the context
of an uncompetitive producer market, producer opportunism and the costs of disassembly,
sorting, cleaning, etc. tend to make recovered materias more expensive than virgin. Thisisa
“chicken and egg” problem — high demand would permit the exploitation of economies of
scde in recovery operations and dimulate a more competitive market — but the
development of high demand is contingent on economic aitractiveness of the current
product.

(A perverse consequence of materids commonization is that it drives adoption of
“commodity” rather than specidty plagtics. Virgin materid costs of commodity plastics are
extremely low, making their recovery less economicaly attractive.)

» Competitive relations between automakers . Recycling and recovery could benefit from
coordination and cooperation between automakers — in demand creation, in materias
gandardization, in shared knowledge of management sysems and initiatives. Competitive
atitudes in this area, including competition for a limited supply of recovered product and
reluctance to discuss management techniques may retard progress in the area as awhole.

EPR information gathering

As recoverability/recyclability — or outright vehicle take-back — requirements increase,
meaningful cost/benefit assessment to guide recycling and recovery choices involves comparing costs
from purchasing through disassembly and recovery. Manufacturing and materials costs must be traded
off againg disassembly and recovery codts, for example. Where a full service supplier is obligated to
recover end-of-life components (a model Ford has identified as desirable), Ford Automotive's
asessment might congst amply of purchase price, assuming the pat meets recycled
content/recyclability requirements. The burden of life cycle costs assessment then fdls on the supplier,
whether Visteon or athird party.

Currently, no centrdized function at Ford (Ford Automotive or Visteon) carries out this
assessment, and data are not integrated. Lack of data integration has been recognized as problem; an
accurate materias tracking database was identified as an initiative area to fulfill worldwide recycling
guiddines

Perspectives on EPR Tool

A tool would have to be very flexible and possibly discretdly segmented, as it could potentialy
be usad both by suppliers and vehicle manufecturers, and by different functions within each (eg., a
technology portion of the tool would be used by engineers, while the implementation and cost portions
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would be used by others in the product development process). The full life cycle of costs would be
incorporated, as well as the impact of dternative approaches to logistics and infrastructure. (E.g. buying
pre-blended recycled content feedstock, vs. blending recycled feedstock into virgin materia at the
component-making plant.) Ford does monetize the environmental impacts and would aso appreciate a
samilar feature in the decison support tools of the future.
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EPR Case Study: IBM

Company Overview

IBM (Internationa Business Machines Corporation) develops and sdlls advanced information
processing products which include computers, microdectronic technology, data storage devices,
software, networking and related services. IBM employs nearly 270,000 and operates 33
manufacturing, hardware development and research sitesin 14 countries. 1997 net earnings were $6.09
billion on revenue of $78.5 hillion.

EPR Activities

IBM’s corporate environmental policy pledges the company to severd EPR-rdated gods
consarving natura resources through materia reuse and recycling, including employing recycled materid
in products, and developing environmentally sound and energy efficient products. EPR activities as
defined in this study are enacted in the company through IBM’s Environmentally Conscious Products
(ECP) program, established in 1992.

The ECP program edtablishes five design objectives for IBM products, which have been
incorporated into the company’ s product development process. These objectives are incorporated in a
corporate standard for environmentaly conscious design to which al new products must adhere. The
ECP program design objectives are to:

» Devedop products with consderation for their upgradability to extend product life.

» Devedop products with consderation for their reuse and recyclability a the end of product
life

» Devedop products that can safely be disposed of at the end of product life.

* Deveop and manufacture products that use recycled materias where they are technicaly
and economically judtifiable.

* Devdop products that will provide improvements in energy efficiency and/or reduced
consumption of energy.

Examples of initiatives and activities under the ECP program include:

* Recycled content and increased material recovery. |IBM seeks to increase both
recycled content and product recyclability through parts labeling and changes in assembly

42



Making the Business Case for EPR:
A Snapshot of Leading Practices and Tools April 1999

methods A 30 percent worldwide decrease in landfilling of product-related scrap is
reported snce 1995 as wdl as sgnificant increases in the amount of recycled plastic
incorporated into products.

* Product power management. All product lines drive for continuous improvement in
product energy efficiency. 1BM’s commitment to the EPA Energy Star program and the
company’s technology innovations in microdectronics, disk drives and monitors earned
IBM the EPA’s 1998 Energy Star Computer Partner of the Y ear award.

* Supplies Return Program to remanufacture, reuse or recycle printer consumables.

* Product end-of-life management (PELM) activities. Product take-back (PTB)
programs began in Europe in 1989, and were extended to U.S. commercia customers in
1997 with the announcement of the IBM Credit Corporaion (ICC) PELM Service
Offering. Currently, IBM has thirteen PTB programs operating world wide to take back
end-of-life (EOL) computer equipment from externd customers. Mogt of these programs
are supported in the local country by an IBM Materids Recovery/Recycling Center (MRC)
for the collection and processing of EOL equipment. In addition to these PTB programs,
IBM has a network of gpproximately thirty MRCs world wide for the processng and/or
collection of IBM owned EOL equipment. This equipment is generated from end of lease
agreements, field returns, local manufacturing plant obsolete and surplus, and replacement of
IBM personnel equipment. In 1997, this network of MRCs processed over 62,000 metric
tons of EOL product scrap recycling over 94%. Some smaller MRC operations are now
collecting product scrap and shipping it to larger “full serviceg’” MRCs for greater recycling
efficiencies and consolidation. These “full service® MRCs dso provide refurbishment and
reutilization of selected machines and parts. This activity extends product and part life
through the secondary marketing of used equipment and the reuse of qudified/certified parts
for fidd repairs. Another important pat of these operations is the remova of
environmentaly sengtive parts prior to ether full disassembly or total scrapping of the EOL
product. The removal of parts such as batteries and capacitors are required for safe
processng of the equipment and to ensure environmental recycling or disposd of these
parts.

Institutional and market context shaping EPR activities

EPR and Product Development

The ECP program provides design-for-environment (DfE) guiddlines which are integrated into
IBM’s Integrated Product Development Process. Product development occurs within product divisons,
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each IBM product divison has an ECP “drategy owner,” a high level manager respongble for
overseeing the divison's overall ECP drategy and explaining the drategy to the divison’'s product
managers. The strategy owner is aso charged with setting ECP god's and performance metrics.

ECP program objectives are supported by IBM's Engineering Center for Environmentaly
Conscious Products (ECECP). ECECP houses the principa technica support staff who provide
guidance to product divisons so that ECP gods are embedded in design and manufacturing decisons.
ECECP is charged with trandating ECP goals into concrete materias and process guidance to dl
business operations. For example, ECECP developed an ECP attribute rating system, encompassing
15 criteria, for use by product divisions to assess progress towards meeting ECP program goals.

IBM's EPR activities largely focus on procurement, materias sdlection, and EOL decisons.
The company's Procurement Council, which is charged with making procurement recommendations for
IBM, congders environmental burdens and recyclability of materids in its materid selection process, in
consultation with ECECP gaff.

EPR Drivers

Proactive environmental management of products for competitive advantage is the primary
driver. Demongraing environmentd leadership/sustainability through effective desgns and efficient
recycling of end-of-life productsis a'so an important driver.

EPR Barriers

Sgnificant barriers in the market include the customers' unwillingness to share in disposa cogts
and pay more for “greener” products. Inherent value of end-of-life equipment does not aways support
EPR expense. Technicd barriers include the lack of a mature infrastructure for collection/recycling of
end-of-life computers, and regulatory impediments to recycling materids previoudy used in older
products.

EPR information gathering

For routine cost and savings consderation for EPR, IBM evauates materid costs, disposa
costs, and recycling costs. Disposa and recycling costs are measured and managed by the loca MRCs
with monitoring from the corporate environmenta daff. These measurements are peformed in
determining total operationd profit/cost, selected (high volume or value) product disassembly cost, and
individua materias commodity streams generated from disassembly. Also, cost avoidance and savings
associated with the recovering and reuse of parts are measured and reported to upper management
demongtrating the additiond vaue of these operations.
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IBM has conducted extensve studies at the IBM Endicott, N.Y. MRC in determining
disssembly time and difficulty for EOL products representative of various IBM development
operations. This information has been shared with product design teams through workshops and interna
communications (reports, symposum, ECP newdetters). The god is to provide this information to
product design teams who do not routingly consider EOL costs and improvement opportunities.

Perspectives on an EPR decision support tool

IBM co-developed the Ecobaance/Ecobilan EIME (Environmenta Information and
Management Explorer) software tool that, via a Szable database, looks a design for environment and
life cycle assessment indicators for new product designs. Severad of the design indicators relate to the
potential recyclability and waste generation projections for proposed product constructions. No cost or
commodity pricing data is included in the software. This toal is currently used by ECECP daff to
support DfE guideline development.

IBM bdieves that EPR decison support tools would be vaduable as a means to integrate
elements of total cost accounting into product design processes. Cost data integration for EPR,
however, will depend on the outcome of various product take-back and disposal scenarios in many
juridictions around the globe. These scenarios and the environmenta design objectives that undergird
them will need to be trandated into cost factors for the design community in which product decisons
take place. A financid tracking tool might, for instance, caculate the net vaue of a product design
based on its content of commodity materias, hazardous materias, location-specific restrictions/expense
to landfill, expense to incinerate, cost to disassemble, savageable parts, etc. to alow designers to
minimize EPR cogts of the product for a variety of relevant scenarios.
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EPR Case Study: Monsanto

Company overview

Monsanto was higoricdly a large chemicd manufacturer, with  product lines in indudtrid
chemicas, coatings, agriculturd and consumer products, pharmaceuticals, and others. Over the past
severd years, however the company increasingly focused on agriculturd, food and hedth gpplicaions
of biotechnology. In September, 1997, Monsanto spun off the mgority of its chemicas business as an
independent company, Solutia, and redefined itsdf as a “life sciences’ company focusng on the
gpplication of biotechnology to agriculture, food and hedth. Except for working reationships in the form
of service agreements, materia supply arrangements, and an Idaho joint venture, Monsanto and Solutia
are undffiliated.

The new Monsanto is divided into sectors: Agriculture (engineered seeds and crop protection
chemicas); Nutrition and consumer products (lawn and garden, food ingredients, artificid sweeteners);
Pharmaceuticals, Hedlth and Wellness (hedlth care services and products other than pharmaceuticas);
and Sugtainable Development (biodegradable plastics/polymers, pollution-control and water treatment
systems). With more than 20,000 employees, Monsanto’'s 1997 net income was $294 million on
revenues of $7.51 hillion (figures adjusted for spin-off of Solutia).

EPR Activities

In 1995, Monsanto made a stated commitment to pursuing sustaingble development as a
business opportunity. and as a guiding operaing principle throughout the product life cycle. This
commitment to sustainable development subsumed previous commitments to leadership in product
stewardship. With regard to crop protection products (herbicides), now part of Monsanto’s Agriculture
sector, product stewardship/EPR activities include:

» Thereformulation of products for lower environmenta impact in production and packaging
» Traning of trangportation personnd to ensure safer digtribution of products

» A program to provide training for proper pesticide gpplications
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Institutional and market context shaping EPR activities

EPR and product development

Monsanto describes as a priority work-in-progress the integration of sustainability criteria into
product development, with attention both to the manufacturing and use portions of the life cycle. The
company notes that such integration necessarily rests on indghts derived from life cycle assessment
(LCA). By December 1998, Monsanto expects to have “defined high-sustainability criteria for all
Monsanto products and a plan developed to apply those criteria.”*4

As many of Monsanto's businesses are acquired, business culture varies across the company’s
busness areas. This is mirrored in Monsanto's product design/development process and the
nature/extent of EPR integration, which varies significantly across business areas. Within “white space
innovation” (product development occurring outsde higtorica product groups), EPR evduation is
performed between each stage of product development — including product incubation, definition,
as=ssment, development, commercidization and post-commercidization. This is one of severd tools
available to busnesses; its use is encouraged, but not mandated. In the product definition phase,
concerng/topics assessed include process inputs (materids and energy), the nature of the product and its
sarvice, posshle current and future legidative impacts, and gpplications of the precautionary principle
relating to toxic dispersion, etc.

Given the diversity of products, markets, and development environments, the corporate staff has
not seen its role as one of providing prescribed, uniform tools. Rather, the focus has been on (1)
employee education — working towards a corporate culture in which life cycle and EPR questions are
asked as a matter of course; and (2) providing a variety of tools to the line busnesses, which may
employ them in this evaluation process if they are found to be useful. (Ecobalance LCA software has
been used in a number of cases) However, in support of the recognized basic need for life cycle
assessment and costing capability, Monsanto, is engaged in a collaborative effort with AICHE
(American Indtitute of Chemical Engineers) Center for Waste Reduction Technologies and a set of nine
large chemica process-based manufacturers (including SmithKline Beecham, another company is this
st of case qudies) to develop a comprehensive total cost accounting (TCA) tool.

The tool development has pooled cost data from participating firms to provide a more complete
and benchmarked data set than one firm could generate interndly. Costs considered include “future and
contingent, interna and external liability costs associated with products and processes,”* including a
limited set of environmentd externdities. (Liabilities employ actuarid methods and the cost of insurance;

14 Monsanto 1997 Report on Sustainable Development

5 AICHE project description. Project Title “ Total Cost Accounting”
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externdities include, for example, future options prices for CO2 emissions. The tool does not consider
supplier-related impacts). The effort is expected to produce a software-based tool; currently, the tool is
in paper and spreadsheet-form.

Monsanto intends to integrate this tool with life cycle inventories, eco-efficiency indicators'® and
its SAP accounting system (tracking both monetary and materid flows), which would provide the
company with afully integrated, total cost assessment system.

EPR Drivers

Better business decisions for long run. In an industry where potentid ligbilities arisng
from products are extremely large and regulatory certification is arduous, Monsanto's
efforts to goply EPR or extended environmentd criteria to product decison-making is
driven in large pat by a dedre to avoid unforeseen liability and increase chances for
certification and product acceptance.

Corporate commitment. Monsanto has made a public commitment to the pursuit of
sustainable devel opment as a business area, but also as a set of guiding operating principles

EPR Barriers

Data availability. The lack of verifiable and consstent database on environmental costs,
both within Monsanto and as experienced by process industries as a whole, is a sgnificant
barrier to the practice of LCA upon which EPR-based decison-making must rest.

Immaturity of tools. Tools for EPR-based decison making are not well-established, and
implementing this type of decision-making concurrent with tool development is a chalenge.
(Monsanto has employed various versions of the collaborative TCA tool over the past
severd years)

Focus on penalties and liabilities, not opportunities. In generd, EPR tools and EPR-
based decison-making is percelved as a way to understand liabilities and pendties
associated with product decisons. Insufficient attention has been paid to its potentid to
identify business opportunities. Its negative connotations are a barrier to wider adoption.

18 Ecoefficiency indicators are being devel oped in another collaborative initiate with Canada’ s National Roundtable
on Environment and Economy.
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EPR information gathering

Monsanto has this year put in place a uniform and upgraded data collection sysem for
environmental data and cogts, replacing a diversity of heritage accounting systems. There is a concurrent
effort to integrate this information into the company’s integrated SAP accounting system. If successful,
thiswill provide the company with afully integrated tota cost assessment system.

The totd cost assessment tool in development includes approximatdy 250 cost (and
opportunity”’) items, divided into five types.

» Direct cogtsinclude materid, capitd, and labor

* Indirect cods include corporate costs, monitoring and regulatory costs, and permit filing
costs.

» Future/ Contingent costs include fines, remediation, and restoration

* Internd intangible cogts include employee training and productivity codts (for example, a
company with an undesirable environmenta reputation might have higher employee turnover
and/or attract less productive employees)

» Externd intangible costs include consumer perceptions, public relation and brand awareness

A source guide has been developed to facilitate data gathering by the collaborating firms, the
collaborative tool development effort is in part a data-pooling exercise. Items are monetized where
possible; however, the todl is targeted to inform management decison-making, and assessments of
relaive codts, risks and opportunities are readily employed in place of quditative data.

For certain products, Monsanto has employed Ecobaance' s LCA software to obtain ecologica
profiles for process inputs and products, getting eco profiles as far back upsiream and downstream as
possble. (In generd, upstream information is of far higher qudity.)

Perspectives on an EPR decision-support tool

In its collaborative tota cost assessment tool development effort, Monsanto hopes to create a
de facto industry standard for chemica process industries. For a decision-support tool to be useful to
indugtry, it must be motivated by industry needs and designed by industry or with very close industry
involvement — government sponsored or developed tools tend to be useful for regulators rather than

17 E.g., “green” behavior might yield, higher bond ratings lower insurance rates.
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the private sector. For managers to employ the tool rather than resorting to intuition, additiond criteria
are that the tool be:

e dmple

» cog effective

*  non perverse,

* integratable with other management tools,
* reproducible

These requirements are potentidly conflicting and present a chdlenge to tool development.
Modularity is a partid solution — developing discrete elements of a total tool which can be used as
companies have a need for them (depending on product lines and areas of busness). Hexibility is
another partid solution — that is, dlowing the tool to be modified to suit individua firm/line business
requirements — o long as a minimum content and rigor are not sacrificed. Excess flexibility might dlow
companies to dilute or eviscerate the toal to the point of meaninglessness, while till claming credit for
practicing “green” decison-making.
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EPR Case Study: Nortel Networks

Company Overview:

Nortel Networks (Northern Telecom, previousy T/A Nortel) provides digita network solutions
in more than 150 countries and territories. It has gpproximately 80,000 employees worldwide, with
1997 net earnings of $957 million on consolidated revenues of $18 billion. Nortel Networks works
with customers worldwide to design, build, and deliver communications and IP (Internet Protocol) —
optimized networks by delivering integrated solutions panning data and telephony. Customers include
public and private enterprise and inditutions; Internet service providers; locd, long-distance, cdlular and
PCS (Persond Communication Services) communications companies, cable tdevison cariers, and
utilities

EPR Activities:

Nortel’s declared god is to be an environmentd leader within the telecommunications indudtry.
Product Stewardship is a stated objective in the corporation’s May 1996 Environmental Policy. Nortel
describes its dgnificant effort over the past severd years to apply life cycle principles to manage the
environmental impacts of its products and manufacturing processes over the whole of the product life
cycde

* Design: Norted’s Desgn for Environment (DfE) initistives are targeted a introducing
environmental concerns a early stages of product development. DfE Guiddines have been
internaly developed. Stated goals of DfE a Norte are to creste products that use fewer
and more environmentaly benign materias, increese energy efficiency throughout the
product life cycle, use cleaner production practices and less packaging, extend product life,
and provide for easy disassembly to recover and recycle materias and components.

Nortel highlights its demondiration lead-free telephone as a DfE success with environmental
aswell astechnical and economic payoffs. (Lead is atraditional component of circuit board
solder connections,) Nortel believes its lead-free interconnect technology, for which R&D
began in 1992, ddivers an environmentaly superior product while enabling the company to
lower handling, liability and disposd codts

In early 1997, Nortd co-sponsored with Cable & Wirdess Communications PLC the
publication of “A Manager's Introduction to Product Desgn and the Environment,”
designed to provide a level of understanding for those involved in product development,
marketing, and sales management to enable effective decision making about product design
and the environment.
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Materials Input: Nortd’s Supply Management divison is planning to implement a
"BuyGreen" program, with procurement guidelines aimed & providing direction for selecting
and purchasing environmentally preferable products and services for the corporation. The
dated intent is to prefer products and services that require fewer resources, use renewable
and recyclable materids, and have along use life.

Nortd is working with the Chemica Strategies Partnership at an Ottawa facility to reduce
chemica use and toxicity. CSP, a project of the Tides Foundation funded by the Pew
Charitable Trusts and the Heinz Endowments, is managed by Cdifornia Environmenta
Asociates and the Telus Inditute. It ams to restructure the contractua relationship
between customers and suppliers by developing performance-based incentives that reward
suppliers for hel ping companies reduce chemica use.

Manufacturing: In late 1991, Nortel became the first mgor eectronics manufacturer to
eliminate CFC-113 solvents from its manufacturing operations worldwide. Nortel has aso
developed a new chromate-free protective coating cdled "B2000", which is desgned to
replace the present industry standard and eliminate the environmental hazard of hexavaent
chromium, a known cancer-causing agent.

Distribution: Nortd has initiatled a number of packaging efforts including: numerous
reusable packaging systems, reducing the mix of materials to alow for esser recycling; and
decreasing the weight of materid-intensive crating.

Use: Nortel has found that product energy use contributes the greatest environmenta
impact. Nortel satesthat it gives priority to increasing product energy efficiency by applying
new desgn architectures, new component technologies, and power factor correction
techniques. The company notes that its power supplies are now 90% efficient, improved
from 75% energy efficiency 15 years ago.

End of Use: Recovering and recycling Nortd products has exigted in some form since the
company began taking back old products from its cusomer, Bell Canada, in 1939. A
recovery service was started in the U.S. thirteen years ago and in Europe three years ago.
Products are remanufactured, resold, or recycled, depending on customer demand.

In 1996, Nortd's materid recycling facilities processed more than 22 million kilograms of
equipment. Generating a sgnificant economic return, the product take-back program is
integrated into Nortel’s business and has a sgnificant presence. Nortel notes it is moving
toward establishing a broader, corporate-wide product recovery program with BT and
Cable & Wirdess Communicationsin the UK.
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Institutional and market context shaping EPR activities

EPR and product development

Product development at Nortd is conducted within product groups, which have “ownership” of
a product from design to marketplace. Environmenta consderations in design are introduced within the
product groups, with the caveat that designers generdlly choose key aspect materials, components, and
suppliers from approved lists generated by a product assurance and component engineering group.
While internd DfE guiddines have been developed, there is currently little formd integration of
environmenta criteria into design a this line of busness leve. Rather, ressarch and case-building
activities for EPR ae being conducted within the technology divison and by the corporate
environmental  team. Individud EPR success cases and champions do exig within the business
organizations, o now the environmentd team fedsit isin a pogtion to begin working with business units
to begin to “mainstream” EPR approaches.

» The corporate environmenta team has focused on building the business case for pursuing
EPR. This is a daaintensve activity, with a focus on quantifying costs and benefits,
including the impact of legidative requirements (Europe) and market/customer preferences
for “green” products (see following sections). The team has aso focused on cultivating
cusomer demand for environmentd information, and improving environmenta information
provision to customers.

» The technology divison has focused on researching life-cycle assessment (LCA) design
tools and materias issues, cooperating with the corporate environmenta team. This includes
“Rapid LCA” tools (see below).

EPR Drivers

Generd managers of product groups are not currently (or in generd) seeing strong incentives to
practice DfE/EPR aggressively. Incentives that would induce an aggressive gpproach include customer
requests (not yet a redlity), the demongration of economic and/or regulatory incentives, or product
compstitive advantages such as a reduction of time to market. Demondirating the existence of such
incentives condtitutes, in essence, making the business case for EPR — amgor god of the corporate
environmental team.

Regulatory incentives are a redlity in Europe, where EPR-based legidation is increesng and
dready Sgnificant. It is eeder to make the case in this market that aggressive EPR drategies offer a
sgnificant competitive advantage for the product.
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EPR Barriers and Challenges

Culture change. Moving from a compliance-based to a beyond-compliance, EPR-based
approach to environment requires sgnificant cultural change in Nortel, both at senior
management levels and a the business level of product desgn/development. Effecting this
change requires making the business case to support EPR activities on a cost/benefit bass.
Bariers to achievement include lack of information and anaytical resources and lack of
successful cases as examples (a “chicken-and-egg” problem). Most of the points that
follow in this section contribute to this“culturd inertid’ as well.

Technology. Desgn technology changes tend to incur high testing cods as
telecommunications equipment is held to a very high standard of reliability. For example, in
testing lead-free interconnect technology beyond prototypes, rdiahility testing in large field
trids can be very costly. Combined with high levels of regulation which extend to materias
choice, high costs of change contribute to sgnificant indtitutiond inertia againg changing
base technologies.

No uniform approach possible. The lifepan of teecommunications products can vary
from less than a year (phones) to severad decades (transmission equipment). Thus, there is
no uniform answer to focusng on design-for-disassembly/take-back (possble for short-
lived products which contain useful components a end-of-life) versus recycling (more
suitable for long-lived products likely to be obsolete upon retirement).

Focus on time to market. The competitive environment in teecommunications and the
rgpid evolution of technology put a premium on achieving quick timeto-market. The
introduction of environmental concerns into the design stage are seen as a source of
potential delay at the line business levd.

Less emphasis on hardware. EPR opportunities largely lie in hardware design and
manufacturing techniques. However, profit centers and business focus are increasingly seen
to lie in software and networking services, attracting management attention to environmenta
issues consequently becomes more difficult.

Ability to influence suppliers. Working with suppliers upstream and customers
downstream is essentid to making progress in extending the respongbility for products.
However, Nortel’s customers and suppliers (such as microchip manufacturers) are often
larger than Nortdl, both in presence and in influence. (It was noted, however, that Sgnificant
influence can be achieved with Nortd’s customers and in the supply chain, especidly with
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smdler suppliers and those with whom Nortedl has edablished a “vaue-managed’*®
relationship, where there can be influence through the sharing of information and
technology.)

EPR information gathering

Making a business case for EPR has been a primary focus of Nortd’s environmental team, an
activity with sgnificant information requirements. The team has been pursuing company-wide and case-
gpecific cost-benefit analyses, attempting to assess costs and returns of environmentd activity, the value
of offering green products to key customers (or potential revenue lost by failing to do s0), and the
consequences of EPR-based legidation in Europe.

Accounting resources within the corporate environmenta function are not sufficient for
comprehensive treatment of these areas; data gathering infrastructure is likewise inadequate. Close work
with rdevant divisons and groups within the firm is thus critical. For example, Nortd’s environmenta
team has conducted studies atempting to quantify revenue impacts of EPR legidation and market
preferences for “green products’ in Northern European markets. Sales and marketing teams worked
together with the environmentd divison to gather information for making these business cases. Internd
cost assessments, by contrast, are obtained from manufacturing and technology groups within Nortel.
Higtoricd cogt information from smilar types of environmenta design activities, detailed and down to the
design leve, can be mobilized when assessing the cost of a green product yet to be designed.

Acquiring an environmenta inventory of a product or potentia product has been aided in many
cases by Rapid LCA, a software-supported technique for assessing approximate materia breakdown
and energy consumption figures, using data gathered on a short (1-2 day) Site vist at the rlevant Nortel
or supplier facility. This “quick and dirty” LCA could become the basis for a sandardized assessment
technique in the early product design process.

Perspectives on an EPR decision-support Tool

Having experimented with a number of products ranging from chips to telephones, Nortel has
found that the scientific, full-scae LCA, which can take up to nine months, istoo dow and too costly for
use in the tdecommunication indusry, where products have to get to the market quickly and
aggressively. Instead, checklists and basic principles like less energy, less materid, recycling, etc., are
used for life cycle assessment.

18 A value-managed relationship involves an extra-ordinary agreement between Nortel and a company doing business
with Nortel in which both entities have complimentary marketing and technological goals.

56



Making the Business Case for EPR:
A Snapshot of Leading Practices and Tools April 1999

Since many of the currently available LCA tools are complicated, and resources are dways
tight, any new EPR decison support tool must be kept very smple, possbly as modules (a series of
smple tools) rather than one single complex tool. It would include not only Rapid LCA, but dso
support for other eements of decision-making such as financid concerns.

Such atool would be vauable for top-level decison-making — to help make the business case
by disseminating environmenta information, expertise and techniques. The tool would be needed at the
concept stage to assgs in answering questions such as “where does one dart in creating an EPR
product?’

Increasingly, services previoudy embodied in a product have the potentia to be provided as a
“pure’ service — eg., the replacement of answering machines with voice mail. An EPR tool which
facilitates demateridization— and which can assess environmenta as well as economic implications —
would be desirable.
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EPR Case Study: Safety-Kleen Corporation

Company Overview:

Safety-Kleen Corporation (SK) is an internationd  industrid waste and environmentd services
company managing both hazardous and non-hazardous wastes.  In 1998, Safety-Kleen merged with
Ladlav Environmentd Services, forming Safety-Kleen Corporation. Safety-Kleen provides
comprehensive waste management services to a wide range of customers, including recycling services
for many smal busnesses. Safety-Kleen dso provides a range of solvent and agueous parts cleaning
equipment, along with severd waste water, fluid treatment, and Slver recovery syssems. These sarvices
are provided to over 400,000 customer in North America from 230 facilities. Safety-Kleen has over
11,000 employees world wide. In fisca year 1998, Safety Kleen had a net income of $0.2 million on
revenues of $1.2 billion.

EPR Activities

A primary Safety-Kleen sarvice is the management of waste fluids, with preference given to
reuse and recycling. Safety-Kleen is unique among the case study firms in that it provides “surrogate
EPR sarvices’ as its primary line of business, generdly to samdler firms and businesses without the
resources to maintain a dedicated EHS staff member. Accordingly, this section provides a sampling of
the most EPR-related of SK’s sarvice offerings, rather than describing EPR activities undertaken for its
own manufactured products.

Representative service/product offerings:

* Parts cleaner rental/servicing. Safety-Kleen's original and core businessisthe“sink ona
drum” parts cleaner, which recycles solvent for the cleaning of partsin avariety of assembly
and repair shop settings — eg., auto, bicycle repair shops, print shops, indudtrid facilities.
Safety-Kleen rents and services the cleaner, and provides and reclams the solvent. SK
“closes the loop” by recydling the solvent in its hub facilities. The parts cleaner technology
was modified in 1993 to employ cyclone separation during use, reducing solvent demand
and extending serviceintervas.

* Used oil collection and re-refining. Safety-Kleen has a closed loop oil rerefining
business which removes used motor and lubricant oil from businesses (primarily service
gations, auto repair shops & industria Stes), re-refines it, and markets the resultant product
both to take-back sites and on a retaill bass. Safety-Kleen possesses 80% of North
Americds totd re-refining capacity; only about 10% of used oil generated in the North
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American market is re-refined. (The mgority is burned as fud, the rest discharged to soil or
water.)

* Dry-cleaner service. Safety-Kleen provides filter and dudge remova and recovery
services to over hdf the dry cleaning establishments in the U.S. (company figures). Safety-
Kleen dates this resulted in the recovery of 600,000 gdlons of dry cleaning solvents for
reusein 1994.

* Environmental cost accounting and integrated compliance. Safety-Kleen performs, via
a sverd-day dte vigt, a rough total environmenta cost accounting for its smal indudtrid
customers. SK uses this assessment as the basis of formulating a services bundle for the
customer which should reduce their costs and increase compliance. SK also provides on-
gte training and compliance auditing.

Institutional and market context shaping EPR activities.

EPR and product/market development

As noted above, contract EPR services are Safety-Kleen's primary products. Product
development for SK thus means making the business case to develop such an EPR sarvice and conssts
of quantifying interna costs and assessing demand.

SK’ s focus on service provision provides incentives for SK to reduce virgin inputs and preserve
naturd resources. For example, solvent recycling from SK’s core and origina parts cleaner business
was motivated by the cost pressures cregsted by providing virgin solvent with each sarvice cal. This
focus dso provides incentives to educate customers regarding their environmenta costs, when tota
codis are understood, SK feds it will generdly be able to offer savings compared to the firm's current
red costs. SK works closdy with trade associaions to inform particularly smal busnesses (eg.,
drycleaners, automobile dederships, auto repar shops) regarding their environmenta costs and
compliance.

SK notes that it chooses to manage wastes as much toward the top of the reduce/reuselrecycle
hierarchy as posshble, compared to other waste services providers. This leverages its reverse
digtribution network and technica competencies, as well as providing a vaue-added service for
environmentaly conscious customers.
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EPR drivers

Note. EPR drivers identified here are market factors which create direct demand for SK’s
services and products. This stands in contrast to other case studies which identify drivers to integrate
with/augment EPR services with exigting products.

Regulations. The ligbilities and cogs which environmental and occupationd regulaions
attach to waste chemicals creete in largest part the demand for SK’s services. This has a
number of aspects.

a) The complexity of the regulatory environment means that many smal firms do not
have the internal resources’knowledge required to act in compliance, cregting a
need for SK as a provider of specialized expertise and services.

b) Liabilities established by CERCLA create a willingness to pay a premium for waste
sarvices of assured quaity; SK provides waste generators cost indemnification
agang CERCLA ligbilities for incidents occurring while the wagte is in SK’s

possession.

¢) Federa purchasing of recycled products (1993 Executive Order) has created direct
and gpillover demand, as has an increasng regulatory emphasis on pollution
prevention and reuse over end-of-pipe approaches (e.g., the Pollution Prevention
Act of 1990).

Costs. Where SK can make a case to a business that SK’s services ddliver bottom-line
benefits, this is a powerful inducement to the customer. In generd, making this case is
contingent on the business having someidea of the cogts it currently incurs for environmental
management. SK attempts to help customers understand these.

Green consumer preferences/corporate green commitments. SK notes that some
firms are willing to pay a premium for waste management services which operate farther up
the reduce/reuse/recycle hierarchy than those offered by other providers. The company aso
identifies public demand for green products and business practices as driving demand for
certain of its products (e.g., re-refined oil) and services.

Strategic fit with manufacturer’s EPR needs. SK notesthat it is engaged in a number of
product stewardship agreements with manufacturers such as Kimberly-Clark, Konica USA,
3M, Amoco L ubricants and Castrol for the recovery of used and off-specification product.
These agreements leverage SK’s reverse digtribution system againgt these manufacturer’s
EPR needs.
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EPR barriers

Note. “EPR barriers’ presented here are barriers SK faces in expanson and operation of its
business and in making a successful “sdll” for its services. Thisis again in contrast to other case studies,
which generdly describe interna and market barriers to the pursuit of EPR activity in the context of
existing products.

Regulations. Although regulation creates much of the demand for SK’s services, SK dso
argues that the reducelreuselrecycle hierarchy and SK’'s market opportunities are
undermined by perversitiesin mgor regulations. For example,

a) EPA’s used oil regulations provide equd preference for burning used oil (energy
reclamation) and re-refining (recyding/reuse), and permit blending used solvent with this
ol for use as fud. This reduces incentive for firms to pay for take-away recycling
services.

b) Treatment of materials designated as hazardous waste under RCRA and other statutes
can make product reclamation for recycling or take-back prohibitively difficult.

Separation of functions/little integrated understanding of environmental costs.
Where firms have little integrated grasp of their environmenta costs, the apparently larger
cost of an environmenta services provider (eg., Safety-Kleen) is hard to justify. Likewise,
divison of purchasing/operation and disposa functions within an industrial operation often
means that the cost savings which SK can offer may depend on cooperation between plant
functions which does not exigt or is difficult to achieve.

Cost. SK is genedly not the lowest-cost provider of a waste service, and must
compensate by providing more comprehensive/reliable/va ue-added service.

Quality perceptions. Recycled products —particularly re-refined oils — have met with
ggnificant quaity perception issues in the marketplace. SK attributes these to industry
experience with an earlier generation of re-refining processes which did in fact produce
lower qudity product. SK describes significant effort devoted to certifying its re-refined
product with standards organizations and major equipment manufacturers.

EPR information-gathering

As described above, via test-marketing and pilot projects, SK gathers interna cost and market
demand information in its product development process. Because internd costs are the cogts (and
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overhead) SK incurs in reverse distribution and regeneration and/or disposa of waste, much of SK’s
business cogt accounting isin redity TCA.

SK recognizes that greater appreciation of environmental costs on the part of its cusomers and
potential customers creates higher demand for its services.

Perspectives on an EPR tool

Because of the link between customer awareness of environmental costs and demand for SK's
sarvices, K bdieves there is a sgnificant role for sreamlined tools which (1) dlow smal firms to
understand their environmenta costs and (2) facilitate evaluation of how those costs would change given
the pursuit of a number of possble product sewardship paths. This reflects cost reduction as the
primary driver of EPR activities.

Additiondly, SK could well have use for such atool, both in building cost modes for its own
product development efforts, and as atool for customer education.

References
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EPR Case Study: SmithKline Beecham

Company Overview

SmithKline Beecham (SB) is a multinational pharmaceuticd and hedth care services company.
The firm develops, manufactures and markets pharmaceuticals, vaccines, over-the-counter medicines
and hedth-rdated consumer products. Hedth care services include disease management, clinica
laboratory testing, and pharmaceutical benefit management. Some of SB’s over 400 branded products
include Seroxat/Paxil, a leading antidepressant; Augmentin, a leading antibiotic; Aquafresh toothpaste;,
and NicoDerm CQ and Nicorette, SB's smoking cessation patch and gum.

SmithKline Beecham employs 58,000 worldwide and operates 90 manufacturing and clinica
laboratory facilities in over 30 countries. Net income in 1997 was $1.65 hillion on worldwide saes of
$12.78 hillion.

EPR Activities

SmithKline Beecham's corporate environmentd policy includes commitments to continuous
improvement and to “ensure that its products and their manufacture will not be harmful to people or the
environment,”*® but not explicitly to EPR or life cycle-based approaches. SB’s EPR activities fal under
the firm’s product sewardship initiatives.

» SB notes that a dgnificant focus of its product stewardship efforts is directed towards
information provision for safe and environmentally responsible product manufacture and use,
ingde and outsde the company. These include general and technica product stewardship
guides (the latter for use insde the manufacturing organization) as well as usud MSDS
development and provision.

* SB deveoped an internd Solvent Selection Guide, currently covering 35 solvents, to
provide single-source information on organic solvents to research chemists and engineers,
who can assess the environment and safety implications of different solvents and make
sdections early in the product deveopment process. The environment and safety
implications associated with the use of each solvent are rated within the following categories:
eaxe of incinerdion, esse of recycling; biotreatability, potentia for volatile organic
compound (VOC) emissions, impact on water, impact on air, hedth hazard, exposure
potentia, and safety hazard.

¥ SB Environment and Safety Report, 1997
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»  SB recently developed its “ Environment and Safety Process,” (ESP) designed to “integrate
environment and safety into al stages’ of SB’s newly streamlined product development
process. ESP covers environment and safety hazard determination, evauation, and risk
assessment, occupational exposure standards and protocols, occupationa hygiene methods
development, environmenta hazard assessment concentrations and protocols, technology
trandfer from R&D to production, EHS evaduation of plant and engineering design, and
environmental and safety permitting.

* Astheindudry increasngly employs contract/third-party manufacturing, SB has developed
a contractor operations management system which implements an SB Environment and
Safety Standard committing SB to ensuring contract manufacturers maintain SB’s leve of
environment and safety standards.

* In development is an internd Green Chemistry awards program; SB aso participates in
external Green Chemidry initiatives and research efforts.

»  SB describes efforts to reduce packaging volume and improve its recyclability. Severd in-
house design tools have been developed to aid this effort.

Institutional and market context shaping EPR activities

EPR & the organization of product development

B is employing life cycle assessment (LCA) to identify environmentd priorities. The solvent
selection guide (above) was the outcome of such an effort, asisits successor project which will provide
an environmental sourcebook for green chemigtry. These projects have operated within SB’s
Environmenta Product Stewardship Group, a drategic team within the Corporate Environment and
Safety Department.  In building support for more aggressve sewardship activities within SB, the
Product Stewardship Group has focused on building the business case for these activities.

Currently, SB employs a checklist-based approach (see ESP, above) in trying to ensure that
product development takes into account environment and safety issues. Thisis, however, not universaly
gpplied and remains a very basic approach (costs are not included in the assessment). SB’s dtated
commitment, however, is to integrate environment and safety/life cycle concerns across business aress,
including capitd review, sourcing, contract manufacturing, €etc.

Towards this end, SB is engaged in a collaborative effort with AIChE (American Inditute of
Chemica Engineers) Center for Waste Reduction Technology and a set of nine large chemica process-
based manufacturers to develop a comprehensive total cost accounting (TCA) tool. The tool
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development includes multiple pilots by participating collaborators to rigoroudy test the methodology
and dlow the development of company-specific data sets which may be internaly benchmarked. Costs
consdered include “future and contingent, internal and externd liability costs associated with products
and processes,”? including a limited set of environmenta externdities. (The tool does not consider
supplier-related impacts). The effort is expected to produce a software-based tool; currently, thetool is
in paper and spreadsheet-form.  SB will modify the tool for internd use, specificaly hoping to provide
R&D with a means to evaluate dternative processes from atotal cost perspective at the earliest stages
of development. The point-of-contact for TCA tool development has adso been the Product
Stewardship Group.

EPR drivers:

* Previous experience. Nearly 20 years, ago, SB had the experience of developing a
ggnificant product which created large and unexpected environmenta problems for its
manufacturing fecilities. This provided Sgnificant incentive to think systematicaly about
examining environment and safety issues a an earlier sage in the product development
process.

* Corporate image and perceived trends. There isto some degree (not universaly shared)
abdief that in the future the business environment will be increesingly characterized by cost
interndization and required product sewardship/EPR activities. Proactive sewardship/EPR
programs are thus part of a strategy for long-run competitiveness. Presently, “green”
corporate behavior does have vaue in terms of community and regulator relations, and to
some investors, even if not explicitly employed to sdll products.

* Continuous environmental improvement as efficiency driver. SB has implemented a
number of process changes with sgnificant savings in waste management cods.  Although
these are not demonstrably direct results of product stewardship per se, these changes
nonetheless demongtrate a tangible relation between process changes and bottom line costs
of wage management. This heps make a necessary business case for stewardship
activities.

* Corporate commitment. As a signatory of the ICC Business Charter for Sustainable
Development, and in its Environmental Policy, SB dtates that it recognizes and accepts its
obligation to move its environmenta activities “beyond compliance.”

2 AICHE project description. Project Title “ Total Cost Accounting”
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EPR barriers:

* Generational change required Moving from a compliance-based to a beyond-
compliance, sewardship- or EPR-driven gpproach requires sgnificant culturd change in
SB, paticularly in middle management. Strong business cases must be mede for
Sewardship activity, establishing it as multi-disciplinary, multi-Ste, multi-benefit initiatives
that demongrate a clear connection between stewardship and the bottom line.

* Data/tool availability. A mgor reason for engagement in the collaborative TCA tool
development effort described above is lack of current integrated data and tools to make
cost-based assessments of EPR activities,

* Dominance of product rather than environmental liabilities. For pharmaceuticals,
product liabilities dwarf environmentd ligbilities, which makes it more difficult to argue the
business case for pursuing environmental sewardship.  In the future, the significance of
environmental codts to the indudry is likely to be a function of the costs of current
externdities (e.g., CO, emissions)

EPR information gathering

As noted above, dataltool availability is an impediment to the practice of Stewardship/EPR at
SB. The collaborative TCA tool development isin part a data-pooling opportunity — data included in
this effort includes risk, liability, probabiligic estimations, existing data on fines and pendties. Though
less clearly developed currently, in the future it would aso incorporate estimated externdities.

Extending LCA beyond the current bounds of the TCA tool — that is, looking at upstream life
cycle impacts of feedstocks — is a chalenge. With exceptions for certain bulk chemicds (eg.,
hydrochloric acid, solvents), upstream life cycle data for the specidized intermediates used by
pharmaceutical and speciaty chemica firms is sparse.  In its internd LCA efforts, the Product
Stewardship Group has employed a variety of gpproaches to garner this upstream data, including
generdion ab initio, or from the “ nearest neighbor,” or closest gpproximation. For downstream (post-
manufacturing) impacts, SB plans to examine interna cost and liability data.

Perspectives on an EPR decision-support tool

SB hopes that the TCA tool in whose development it is collaborating will become a de facto
industry standard, in large part because its development has been industry-driven and specificaly geared
to the needs of chemica process-based industries. This type of comprehensive TCA approach,
however, is one likely to be undertaken only by large firms with the corporate resources to support the
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effort required. Though the toadl is intended to be modular and tiered, permitting smal and medium-
gzed firmsto “pick and choose” cost areas and levels of cost detal they would pursue, there might well
be aneed for a*“canned” and streamlined LCA/TCA tool for use by smdler firms.
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EPR Case Study: Xerox

Company Overview

Xerox Corporation produces copiers, printers, fax machines, scanners, desktop software,
digita printing and publishing systems, and supplies. Marketing itsdlf in recent years as “The Document
Company™,” Xerox offers comprehensive document-management services. With 91,000 employees,
Xerox operates 29 manufacturing Sitesin 14 countries. 1997 net income was $1.45 hillion on revenues
of $18.2 hillion.

EPR Activities

Xerox’s corporate environmenta policy pledges the company to severd EPR-related principles
— particularly, commitments to continuous improvement, and to the design, manufacture, distribution,
and marketing of products and processes to optimize resource utilization and minimize environmenta
impact.

Xerox digtinguishes between the company’s pre- and post-1990 gpproaches to environmental
policy. 1990 marked the gart of the company’s Environmenta Leadership Program, in which the
company stated a commitment to a beyond-compliance environmenta leadership, with foci on product
stewardship and eco-efficiency (“Waste-Free products in Waste-Free factories’).

Example of EPR activitiesinclude:

* Design for Environment. DfE initiatives and guiddlines support both reduction of
environmental impacts associated with product use (energy, emissons) and end-of-life
issues (disassembly, materid recycle, part remanufacture). DfE guidelines and procedures
adopted include snap-together designs, recycled materia guidelines, remanufacture part
coding, €tc.

* Consumable product take-back. Launched in 1991, Xerox's worldwide Copy and Print
Cartridge Return Program alows customers to return spent copy and print cartridges in the
origind packing materids (or packing for replacement parts) via a supplied, prepaid return
label. The cartridges are cleaned, inspected, and then refilled or recycled. The program has
aworldwide return rate of more than 60 percent. A toner container recycling program was
initiated in 1995, and wagte toner return program in 1997.

* Durable product take-back and remanufacturing. Xerox has made a sSgnificant
commitment to remanufacturing and recycling end of life products, with a stated god of zero
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wade to landfill. Dedicated recycling centers receive and grip end of life machines,
remanufacturing is conducted on Xerox's assembly lines. 30,000 tons of machines are
reclamed each year.

Institutional and market context shaping EPR activities

EPR and product development

Xerox describes a product development (“Time to Market”) process which integrates
environmentd, hedth, and safety (EHS) concerng/Design for Environment (DfE) in support of the
wagte-free products concept. Required training for design engineers a Xerox includes environmenta
design criteria Product development occurs within cross-functional teams headed by a program
manager; these teams include a remanufacture engineer, as well as an EHS engineer. DfE criteria are
incorporated into product specifications and products are evaluated againgt these criteria before a
prototype can move to the demondration state. Criteria include recyclable/recycled materias content,
minimization of inuse emissons, and remanufecturability; these are incorporated into Xerox's
multinationa design sandards for environmenta and remanufacturing design.

Xerox's EPR initigtives, beginning a the concept and product desgn sages, rely on tight
integration with suppliers, who supply not just raw materias, but components. Xerox thus mus rely
upon them to remanufacture disassembled parts, as well. As part of this integration, Xerox provides
suppliers with proprietary “signature andlysis’ technology used to determine the amount of useful life left
in parts and assemblies. Materias use is an additiond area requiring close communications.

EPR Drivers

* Regulation. Xerox's take back measure was incorporated as a business concept in 1990
and formaly implemented in 1991. Thus as it was initisted before regulations were
implemented, the program was not regulatory-driven. However, Xerox states that early and
proactive movement in this area in anticipation of regulation is a likely source of competitive
advantage.

* Customer demand/loyalty. Where customers are concerned about their waste streams,
customer demand plays some role in the development of product take-back programs for
consumables and packaging. Some “green” product demand aso exists, providing impetus
for developing products with superior environmenta performance — particularly as certified
by ecolabeling schemes — in the areas of energy use, emissions, and recyclability
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Economic reward. In certain cases, recycling and reuse can result in substantia savings,
understanding these savings, however, is contingent on accounting for costs and benefits
across the company and over time,

Shift toward service orientation. As a company, Xerox has been repostioning itsef
towards document services provison (“The Document Company™”) rather than a
manufacturer of copiers. This sarvicizing shift has, in a generdl way, been of benefit to EPR
activities, which are in part the provison of services (e.g., take-back) piggybacked onto
existing products.

Corporate commitment. EPR activities are condggtent with Xerox’s stated commitment to
beyond compliance environmenta |leadership.

EPR Barriers

Economic viability. Making the business case that an EPR initiative is sound is a necessary
prerequisite to its implementation. However, an overly narrow assessment of the bottom
line, either (1) by ignoring intangibles or (2) by failing to consder costs and benefits over the
full life cyde and across the company, can screen out sound initiatives. With respect to
intangibles, for example, Xerox 1oses money on its toner containers recycling program, but
the company believes the returns in customer satisfaction more than compensate.

Accounting systems, internal distribution of costs and benefits. Accounting sysems
which do not consider costs and benefits over the full life cycle and across the company can
be sgnificant EPR barriers. For example, in designing products with extended and multiple
lives, the costs of origind parts are typicaly increased. If the recovered value of these parts
is not considered, the EPR effort will appear unattractive. Similarly, costs and benefits of
EPR activities are not didiributed evenly across divisons. The additiona design burden in
cost and time represented by environmenta design criteriais borne by design groups, while
the manufacturing divison gets the benefit and credit when products are recovered.

Customer perception and contract requirements. Customer perception that
remanufactured products are of lower qudity (or, dternately, should be chegper) has been
an obgtacle. The government market can present a further obstacle, as procurement
requirements — particularly in the state and local levd in the U.S. and some European
countries such as Germany — can specify that “new” products be made with virgin parts.
This makes the marketing of recovered products difficult and is a disincentive for recydling.
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* Regulation. Though European regulation with respect to product take-back is an EPR
incentive, European regulation regarding trans-boundary shipment of end-of-life equipment
may be a significant obstacle. Specificaly, components that are considered regulated
materias must be removed before shipment. This has the potentia to conflict with the take-
back infrastructure which Xerox has established which utilizes centra disassembly facilities,
athough this currently is not a problem.

* Focus on time-to-market. Technology in document management advances rapidly — the
more S0 as products become increasingly digital — putting pressure on product divisons to
move a product rgpidly to market. The perception exigs that the addition of environmenta
criteria to design represents a source of potential delay in the development process.

* Data availability. Data for assessing life cycle costs associated with different EPR options
can be difficult to gather.

EPR information gathering

To assess the costs and benefits of EPR initiatives, Xerox evauates externd influences
(customer demand, competition, technology and regulatory trends), life cycle inventory data, and
interna costs (manufacturing and materids cogts), and the implications of these for product pricing.

Much data is obtained within Xerox. Within Xerox, EPR cogt information is usualy assembled
by the design team, headed by the program manager, which collects and reviews information regarding
EPR, induding maerids, recyding and remanufacturing cogts (the design teams include accounting
support). This information usudly resdes within the desgn community itself or within the standards

group.

Other data must be obtained from materias and components suppliers. Xerox usudly goesto its
1< tier suppliers, except for plagtic suppliers, in which case Xerox would interact with both molders
(1% tier) and resin suppliers. Xerox's suppliers, in turn, go to their own suppliers to obtain data.

Collecting data for life cycle assessment can be chdlenging: LCA data are not currently well-
developed. Xerox employs dreamlined LCA, focusng on those life cycle dements and product
atributes with the largest environmenta impacts. For example, the mogt sgnificant environmenta impact
of copiers is the paper and energy use during the product-use stage of their life cycle. Xerox uses
Ecobaance's TEAM database software (using industry average data) and then collects additiond dataif

necessary.
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End-of-life costs can be likewise problematic. While the transportation costs of product take-
back are well accounted for, codts in the later reuse and remanufacturing process are more difficult to

quantify.

Perspectives on an EPR decision-support tool

Xerox has experimented with a number of tools to support DfE/EPR activities. Among these
are:

» afinancid modd which examines life cycde costing associated with different design options,
based on tools which examine net present value for parts with multiple lives. (If adesign has
an environmental aspect to it, Xerox typicaly uses a longer time horizon to assess its
profitability.)

» Ecobalance's TEAM software for LCA
» Software to optimize design for disassembly and recovery

Based on experience with these toals, likely users for a more integrated or additional EPR
decison-support tool would be the design team and EHS daff. Extensve data input requirements will
tend to make atool overly burdensome in use; on the other hand, the value-added of an integrated tool
would be to link life cycle assessment data with redl economic costs and to integrate this with Xerox’'s
financia and accounting systems. These are somewhat contradictory requirements, and seem to require
aspecidized tool.

It seems unlikely that a tool could contribute usefully to the forecasting and assessment of key
externd factors important to Xerox’s decison making, such as anticipated regulatory and market trends,
technology evolution, and the actions of competitors.
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APPENDIX B: EXAMPLES OF EPR-RELATED TOOLS

A few examples of software based tools in the three categories most related to the
environmental aspects of EPR decison-making are given below.? The products lised are neither
endorsed nor exhaudtive:

Life Cycle Costing and Impact Analysis

EPS Enviro-Accounting
Method

TEAM/DEAM

Swedish Environmental
Research Institute; Swedish
Federation of Industries

Ecobalance (Ecobilan)

Environmental Impact Analysis for product/process comparison.
Uses a monetized valuation scheme to assess changes in key
metrics arising from a product/project (i.e., human health,
biodiversity, production, resources, aesthetics). Valuation is based
on willingness to pay.

TEAM software generating life cycle inventories and life cycle
costs, including sensitivity analysis. DEAM database includes LCA
profiles of products & processes.

Waste Reduction Software

P2P

SWAMI

(Strategic Waste
Minimization Initiative)

National Risk Management
Laboratory, USEPA

Developed for EPA by PEER
consultants and University of
Dayton Research Institute

Software system for measuring progress in pollution prevention
achieved form a single project involving redesign, reformulation or
replacement. Progress is measured by releases to different media
and three impact categories.

Software takes user-supplied process information to identify
pollution prevention opportunities within an industrial setting.
Employs mass balance and process flow in process analysis.

Design for Environment Tools (availability unconfirmed)

EIME

EcoDesign Tool

Ecobilan (Ecobalance)

Design for Environment
Research Group, Manchester
Metropolitan University

Integrates Ecobalance's database with an analytical approach
which divides the product into components which can be discretely
analyzed and impact analysis performed in terms of 12
environmental impact categories.

Active software agents provide environmental design guidance to
product engineers; integrated into CAD environment.

Figure 6: Tool Examples

2 These descriptions are taken from the survey report Incorporating Environmental Costs and Considerations into
Decision-Making: Review of Available Tools and Software (EPA, 1996) and Ecotools manual — A comprehensive review of
Design for Environment Tools, (Nils de Caluwe, Design for Environment Research Group, Manchester Metropolitan

University, 1997).
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